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PREFACE. 



The Elementary Arithmetic and the Practical Arithmetic are de- 
signed to embrace all those subjects usually found in the more 
voluminous series of Arithmetics now in very general use. By a 
methodical arrangement of topics, all unnecessary repetition has 
been avoided; and by giving prominence to those subjects alone 
Tvhich are the key to the science of Arithmetic, brevity has been 
secured without sacrificing either fulness or clearness of treatment. 

No attempt has been made to make the book either a complete 
dictionary of mathematical terms or a mere encyclopaedia of useful 
mathematical knowledge. Arithmetic should be regarded in the 
school-room both as a science and as an art : as a science, so far as 
it deals with the principles which underlie its processes and its 
rules ; and as an art, so far as it exemplifies these rules and these 
processes in their varied applications in solving problems that arise 
in the business of e very-day life. 

The complaint that Arithmetic is not successfully taught in the 
schools of the present day, is attempted to be met by the employment 
of a more rational method. The difficulties generally supposed to be 
inseparable from this study, arise partly from want of method and 
clearness in its treatment, partly from the attempt to carry along too 
many simultaneous studies. The time now allotted (hardly devoted) 
to this study is quite sufficient to guarantee a thorough mastery of 
its general principles and their application in practice; but the 
teaching of Arithmetic is still, to a great extent, merely an exper- 
iment. The prominence given this study in our schools for so many 
years, should by this time have relieved it from this charge. What- 
ever is radically wrong in our methods of teaching Arithmetic 
should be remedied. Whatever is radically wrong in the subject 
itself should be eradicated. The time allotted to this study is ample 
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IV PREFACE. 

for the end proposed. Method and thoroughness are the vital ele- 
ments of success here as everywhere. 

Fragmentary knowledge of any subject is of little value as an 
educational means, and too often quite useless as an end. Teachers 
who fail to give pupils a clear idea of the parts of a subject in their 
relation to the subject as a whole, generally leave them without 
that command over its details in practice, which a more thorough 
knowledge of fundamental principles would certainly give. 

Unfortunately, the study of Arithmetic has suffered most from 
those who regard it, not as a system of principles and rules, but as 
a mere aggregation of rules to be mechanically applied in obtaining 
results. Nothing but intelligent and judicious effort can counteract 
this fatal tendency. Both in the Elementary and the Practical an 
effort is made to overcome this difficulty by referring all the opera- 
tions to the fewest possible principles. While the practical applica- 
tions of the rules of Arithmetic are manifold, the fundamental 
principles are few. 

Since mental fibre is a growth it becomes refined and strengthened 
by proper exercise ; hence, a pupil is benefitted more by what he 
does himself than by what others do for him. For this reason it is 
generally better to suggest a line of thought than to furnish him 
with a full argument; to give him suggestive solutions than to give 
him solutions in full, which seldom stimulate the mind of a pupil 
sufficiently to secure a thorough understanding of the logic of the 
solution. This feature of the book is commended to the considera- 
tion of teachers. 

Special attention is called to the treatment of Percentage and its 
applications ; to Compound Proportion as involving merely a series 
of simple proportions ; to a new and exhaustive statement of the 
principles which underlie the subject of Equation of Accounts. 

The power of Arithmetical Analysis is exemplified under that head 
by solutions given to a large variety of problems usually regarded as 
difficult. These solutions, together with the collection of a much 
larger number and variety of problems arranged under them than 
is found in any other book on this subject, will prove a valuable aid 
to many teachers who have Institute work to do. 

In the key to this book additional examples and problems will be 
found, designed fully to illustrate the principles and rules discussed 
in the text. 
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PRACTICAL ARITHMETIC. 



DEFINITIONS. 

1. Arithmetic is that branch of mathematics which 
treats of quantity and its relations, when expressed 
by number. 

2. Mathematics is the science of quantity, and em- 
braces arithmetic, algebra, geometry, etc. 

3. Quantity is anything which may be measured; 
as, distance, weight, time. 

4. A number is either a single unit, or a collection 
of units; as, 1, 2, 5, 95 ; 4 men, 7 dollars, 9 houses. 

5. A unit is a single thing ; as, 1, 1 man, 1 book. 

6. A number is abstract or concrete. 

7. An abstract number is a collection of abstract 
units ; as, 4, 7. 

8. An abstract unit is simply one; as, 1. 

9. A concrete unit denotes the kind of thing ex- 
pressed ; as, 1 man, 3 cents, 5 apples. 



FUNDAMENTAL RULES. 

10. The fundamental rules of arithmetic are JVbta^ 
tion and ITumeration^ Addition^ Subtraction^ MuUipU- 
cation^ Division. 

1 (1) 
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2 PRACTICAL ARITHMETIC. 

11. All the operations of arithmetic are based upon 
one or more of these fundamental rules. 



NOTATION AM> NUMERATION. 

12. Notation is the art of writing numbers. 

13. In arithmetic numbers are expressed by means 
of certain characters. These characters are either 
figures or letters. 

14. Two systems of notation are sometimes used : 
the Arabic, and the Roman. 

15. Ill the Arabic system numbers are expressed 
by means of the following characters, called digits : 

one. two. three, four. five. six. seven, eight, nine, naught. 
1234567 89 

16. The first nine digits are sigrnificant fignires, be- 
cause they express value when standing alone. 

17. Naught expresses no value when standing alone ; 
but when used in connection with significant figures it 
performs an important office in the Arabic system. 

18. The Arabic system of notation is based on a 
scale of TEN ; that is, ten units of one order make one 
unit of the next higher order throughout this system. 

19. The orders increase in value from units' place 
toward the left, each order consisting of one figure. 

Illustration. — In the njamber 729, 

The figure 9 belongs to the order of units; 
The figure 2 belongs to the order of tens; 
The figure 7 belongs to the order of hundreds. 

20. A period consists of three orders, except the left- 
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NOTATION AND NUMERATION. 3 

hand period, which often contains only two orders, or 
even one. 

21. Each significant figure may have a simple value, 
or a local value. 

22, The simple value of a figure is the value it ex- 
presses when standing alone, or in units' place ; as, 7, 
9,4. 

23, The local value of a figure is the value it ex- 
presses when used in connection with other figures to 
express a number. 

Illustration 1^ — In the number 428, 

The figure 3 expresses simple value ; 
The figures 2 and 4 express local values. 

24. The several orders and periods are shown be- 
low: 



is i i 
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©a 53 3-C »o ©a 5;S feS »• 

-cS -^'3 ^§ ^2 ^3 2^ S^ ^« 

sSm 1^0? s<5 SH ;ii« Sa Sg .5U 

This number is read, Seven hundred and forty-two sextillion, 
thirty-six quintillion, one hundred and seventy-flve quadrillion, eight 
hundred and nine trillion, two hundred and thirteen billion, four 
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4 PRACTICAL ARITHMETIC. 

hundred and fifty-six million, three htindred and forty-five thousand, 
seven hundred and eighty-nine. 

24 a. The value expressed by any number depends 
upon two things : 

1st. Upon the number of units expressed by each 
digit. 

2d. Upon the position of each digit with reference 
to units' place. 

EXERCISES. 

1. Write five units of the first, or units order. 

2. Write eight units of the second, or tens order. 

3. Write five units of the second and eight units 
of the first order. 

4. Write six units of the third, or order of hun- 
dreds. 

5. Write eight hundred, five tens, and six units. 

6. Write fifty-eight ; eighty-five. 

7. Write four hundred and seventy-five. 

8. Write four hundred and five. 

9. Write forty-five. 



KUIiE FOR WRITING NUMBERS. 

Rule. — Write the figure expressing the number of 
units in the place expressing the given order. Fill va^ 
cant orders with ciphers. 

1. Four in the second order expresses how many 
units of the first order? 
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WRITING NUMBERS. 5 

2. Write four units of the second order. 

3. Five units of the third expresses how many units 
of the first? Of the second? 

4. Write five units of the third order. Of the 
second order. Of the first. 

5. Write five units of the first, second, and third, 
as one number. 

6. Write seven units of the third, and two of the 
first, as one number. In this case, what character 
fills the second order? Why? 

7. Name the eight periods given in the scale. 

8. Name each order in each period. 

9. Name the several orders consecutively, from the 
order of units to the order of sextillions. 

10. How many orders are required to express hun- 
dred-thousands ? 

11. How many orders to express millions? How 
many periods ? 

12. How many orders to express tens of millions? 
Tens of billions ? 

13. How many significant figures are required to 
express eleven hundred million, seven thousand and 
twenty-three? What orders do they occupy? What 
orders are filled with ciphers? 

14. Which orders are filled with ciphers, and which 
with significant figures, in writing forty-nine hundred 
thousand and seventy-seven? 

15. Write thirty-two million, seventy-seven thou- 
sand and twenty-two. 



Digitized 



by Google 



6 PRACTICAL ARITHMETIC. 

RXJIiE FOR BEAI>IXa NUMBERS. 

EuLE. — Divide the number into periods^ and read 
the periods in succession^ beginning at the lefty giving 
the name of each period except the last. 

EXERCISES. 

1. How many periods in the number 723415? 

2. How many periods in 12384767? How many 
orders ? 

3. How many thousands in 925682? 

4. How many ten-thousands in 72841? In 74081? 

5. What orders are filled with ciphers in writing : 
Twelve hundred and five ? 

Sixty-one thousand and six? 
Four hundred thousand and one? 
Nine hundred and forty-nine ? 
One thousand and one ? 

26. Numeration is the art of reading numbers when 
expressed by written characters. 

27. Each removal of a significant figure one place 
further to the left multiplies the value expressed by it 
by ten. 

28. Each removal of a significant figure one place 
further to the right divides the value expressed by it 
by ten. 

29. There are two methods of reading numbers by 
periods. 

a. In the French Method a period consists of three 
orders. 
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WRITING NUMBERS. 



6. In the English Method a period consists of six 
orders. 

In the French Method the scale of the period is one 
thousand; that is, any order of one period is one 
thousand times as great as the corresponding order of 
the next lower period. Thus : Ten million is one 
thousand times as great as Ye/i thousand; ten billion is 
one thousand times as great as ten million. 

In the English Method the scale of the period is one 
million ; that is, any order above millions is one mil- 
lion times as great as the corresponding order of the 
next lower period. Thus : Ten billion is one million 
times as great as ten million; ten trillion is one million 
times as great as ten billion. 



EQUIVALENTS. 



ENGLISH SYSTEM. 



One million equals . 
One billion equals . 
One trillion equals . . 
One quadrillion equals 
One quintillion equals 
One sextillion equals . 
One septillion equals . 
One octillion equals 



FRENCH SYSTEM. 

One million. 
One thousand billion. 
One million trillion. 
One billion quadrillion. 
One trillion quintillion. 
One quadrillion sextillion. 
One quintillion septillion. 
One sextillion octillion. 



ENGLISH PERIODS. 

1st. Units. 

2d. MUlions. 

3d. BUlions. 
4th. TriUions. 
5th. QuadrUlions. 



FRENCH PERIODS. 

1st. Units. 

2d. Thousands. 

3d. MiUions. 
4th. Billions. 
6th. Trillions. 
6th. Quadrillions. 



HIGHER PERIODS. 

7th. Quintillions. 

8th. Sextillions. 

9th. Septillions. 
10th. Octillions. 
11th. Nonillions. 
12th. Decillions. 
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8 PRACTICAL ARITHMETIC. 

30, In both the English and the French systems the 
names of the corresponding periods above quadrillions 
are the same. The French system of reading numbers 
is the one commonly used in this country. 

ROMAN SYSTEM. 

31. In the Roman System numbers are expressed by 

means of letters. These seven characters are given 

below : 

one five one 

Values: one. five. ten. fifty, hundred, hundred, thousand. 

Letters: I. V. X. L. C. D. M. 

GENERAL LAWS. 

I. Repeating a letter repeats its value. 

one. two. three. ten. twenty. thii^ty. 
Thus ; I. II. III. X. XX. XXX. 

n. The value of a letter written after one of greater 
value, is added to the greater value. 

six. eleven, fifteen. sixteen. sixty. 
Thus: VI. XI. XV. XVI. LX. 

in. The value of a letter written before one of 
greater value, is taken from the greater value, 
four. nine. forty. ninety. 

Thus.v IV. IX. XL. XC. 

IV. The value of a letter written between two letters 
of greater value, is read in connection with the letter 
following it. 

nineteen, fifty-nine, fourteen. 

Thus: XIX. LIX. XIV. 
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V. A dash placed over a letter increases its value 
one thousand times. M one million. 

EXERCISES. 

1. Write eighteen hundred and eighty. 

2. Write seventeen hundred and seventy-six. 

3. Write fourteen hundred and ninety-two. 

4. Write seventeen hundred and thirty-two. 

5. Write eighteen hundred and twelve. 

6. Write eighteen hundred and twenty. 

7. Write sixteen hundred and eighty-eight. 

8. Write seventeen hundred and eighty-nine. 

9. Write the year of your birth. 



GENERAL. REVIEW. 



a, DEFINE 



1. Arithmetic. 

2. Mathematics. 

3. Quantity. 

4. Number. 

5. Unit. 

6. Abstract number. 

7. Concrete number. 

8. Abstract unit. 

9. Concrete unit. 

10. Numeration. 

11. Notation. 

1. Scale. 

2. Period. 

3. Order. 



b. NAME 

The fundamental rules. 
The two systems of no- 
tation. 
Characters used in each. 
The laws of each system. 
The significant digits. 
Why called significant? 
The orders in a period. 

19. The several periods. 

20. The two systems of nu- 

meration. 
The periods in each 

system. 
Number of orders in 

each period. 



12. 
13. 

14 
15 
16, 
17, 
18. 



21 



22 
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10 PRACTICAL ARITHMETIC. 

C. STATE THE DIFFERENCE BETWEEN 

23. The simple and the local VAlue of a digit. 

24. The French and English systems. 

25. The scales of the two systems. 

26. The names of the periods in the two systems. 

27. The Arabic and Roman systems of notation. 



ADDITION. 

32. Addition is the process of finding the sum of 
two or more numbers. 

The sum of several numbers is a single number 
which expresses as many units as all the numbers 
added. 

33. Only like numbers can be added. 

Like numbers are such as express the same kind 
of unit; as, 3, 4 ; $3, $4 ; 3 yds., 4 yds; 3 pecks, 
4 pecks ; 3 tens, 4 tens ; 3 hundreds, 4 hundreds. 

34. The Sign of Addition is +, called plus^ and de- 
notes that the numbers between which it is placed are 
to be added together. 

The sign =, called the sign of equality^ indicates 
that the several numbers which precede it, taken to- 
gether, equal the number which follows it, called their 
sum. 

ORAL EXERCISES. 

1. Two units and three units and four units and one 
unit make how many units? 
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2. One ten plus two tens plus three tens plus four 
tens make how many tens? . 

3. Five apples and four apples and three apples and 
two apples make how many apples f 

4. Seven TTiarJZe^ plus two ?/zar J ?e5 plus one marble 
make how many marbles? 

5. One hundred and three hundred and five hundred 
make how many hundred? 

6. 2 ^AowsancZ5+3 ^Aoi^^anc?^ + 4 thousands make 
how many thousands? 

34 a. In adding, only the. resuZ^ of each addition 
should be named, not the digits to be added. Thus, 
in adding the right column in example 1, below, we 
say, 3, 5, 7, 8. 

35. To add when the sum in each column is less 
than 10. 



(1-) 


(2.) 


(3.) 


123451 


12121212 


1212121212 


654322 


21212121 


3131313131 


211222 


13131313 


2010201002 


12003 


32323232 


loioioiodi 


(4-) 


(5.) (6.) 


(7.) 


403020 


310151 201002 


101010101 


121212 


101203 120120 


120202020 


202021 


210310 202101 


201010201 


130312 


123021 132332 


133333233 
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(8.) 


(9.) 


(10.) 


(11.) 


201201 


30125 


40404 


1010101 


121021 


1200 


4140 


202020 


120212 


2110 


10011 


121212 


202121 


10121 


2111 


2010101 


131313 


21212 


11210 


1212121 


224131 


2021 


21012 


1010101 



12. 4+1 + 2 + 1 + 1 are how many? 

13. 1 + 2 + 1 + 2 + 1 are how many? 

14. 2 + 2 + 2 + 2+-1 are how many? 

15. 1 + 1 + 2 + 1 + 2 are how many? 

16. 1 + 3 + 3 + 1 + 1 are how many? 

17. 1 + 1 + 3 + 2 + 1 + 1 are how many? 

The following exercises are calculated to give facil- 
ity and accuracy in adding : 

1. Add by 2'8 from 1 to 101. 

2. Add by 2's from 2 to 100. 

3. Add by 2's from 3 to 103. 

4. Add by 2's from 4 to 100. 

5. Add by 2's from 5 to 95. 

6. Add by 2's from 6 to 210. 

7. Add by 2's from 7 to 99. 

8. Add by 2's from 8 to 98. 

9. Add by 2's from 9 to 99. 

10. Add by 3's from 1 to 94. 

11. Add by 3's from 2 to 100. 

12. Add by 3's from 3 to 102. 
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13. Add by 4's from 3 to 97. 

14. Add by 5's from 4 to 104. 

15. Add by 6's from 5 to 101. 

16. Add by 7's from 6 to 97. 

17. Add by S'a from 7 to 103. 

18. Add by 9's from 8 to 107. 

19. Add by 9'8 from 10 to 109. 

20. Add by 9'8 from 11 to 110. 

21. Add by lO's from 1 to 201. 

22. Add by lO's from 2 to 202. 

23. Add by lO's from- 3 to 203. 

24. Add by 10' s from 4 to 204. 

25. Add by lO's from 5 to 205. 

26. Add by ll's from 1 to 122. 

27. Add by ll's from 3 to 124. 

28. Add by ll's from 5 to 126. 

29. Add by ll's from 7 to 128. 

30. Add by ll's from 9 to 130. 

31. Add by 12'8 from 1 to 145. 

32. Add by 12's from 3 to 147. 

33. Add by 12'3 from 5 to 149. 

34. Add by 12's from 7 to 151. 

35. Add by 12*8 from 9 to 153. 

36. Add by 12's from 2 to 158. 

37. Add by 12'8 from 4 to 172. 

38. Add by 12'3 from 6 to 186. 

39. Add by 12'8 from 8 to 200. 

40. Add by 12's from 10 to 214. 

41. Add by IS's from 1 to 170. 



Digitized 



by Google 



14 PRACTICAL ARITHMETIC. 

42. Add by 13's from 3 to 185. 

43. Add by 13's from 5 to 200. 

44. Add by 14's from 2 to 198. 

45. Add by 14's from 4 to 214. 

46. Add by 14's from 6 to 230. 

47. Add by 15's from I to 226. 

48. Add by 15's from 3 to 243. 

49. Add by 15's from 2 to 257. 

50. Add by 15'$ from 4 to 274. 

35 a. To add vrhen the smn in any column equals 
or exceeds 10. 

36. Since only miits of the same order can be added, 
it is necessary to write the numbers to be added so 
that units of the same order will stand in the same 
column. 

37. When the sum of the units in any order exceeds 
niney the excess is units of the next higher order, and 
must be added to that column. 

38. Since the excess of units above nine^ in any 
column, is added to the next higher order, we begin in 
addition with the lowest order of units, then add the 
tens, hundreds, and so on. 

39. Proof of addition consists in adding the columns 
in a reverse order ; that is, from the top to the bottom. 
As the combinations come in a different order, the 
same error is not likely to occur. 

Sug^g^estion. — Let the pupils embody the directions in 36« 
SY^ 38, 39, in the form of a Rule. 
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MISCELLANEOUS PROBLEMS. . 

1. A man bought a carriage for $217, a horse for 
$175, and a harness for $62 ; what did they all cost? 

2. In the town A there are 2754 inhabitants ; in the 
town B, 5781 inhabitants ; in the town C, 3116 inhabi- 
tants. What is the population of the thr6e towns? 

3. A man deposited in bank on Monday $314 ; on 
Tuesday, $115; on Wednesday, $72; on Thursday, 
$227 ; on Friday, $91 ; on Saturday, $412. How 
much did he deposit during the week? 

4. I paid $25 for each of seven book-cases ; how 
much did they all cost? 

5. If 1250 bushels of wheat cost $971, and 429 
bushels of oats cost $136, and 1119 bushels of rye cost 
$991, how many bushels of grain were there? and how 
much did it all cost ? 

6. At the election for President in 1876, the popular 
vote for Tilden was 4284757 ; for Hayes, 4033950 ; for 
Cooper, 81740 ; for G. C. Smith, 9522 ; and scatter- 
ing, 2636. What was the total vote polled? 

7. The crop in the United States for the year 1877 
was as follows : Wheat, 364194186 bushels ; rye, 
21170100 bushels; barley, 34441400 bushels; oats, 
406394000 bushels; potatoes, 170092000 bushels. 
What was the total yield ? 

8. The crop for the year 1878 was estimated by the 
Department of Agriculture to be 425000000 bushels 
of wheat, 42000000 bushels of barley, 26000000 bush- 
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els of rye, 410000000 bushels of oats, 1746325000 
bushels of corn, and 129000000 bushels of potatoes. 
Find the total estimate. 

9. In the year 1870 the total debt of the States was 
$352866698 ; of the counties, $187565540 ; of towns 
and cities, $328244520. What was the total indebted- 
ness of the country? 

10. In the years 1877-8 the following cities were 
indebted in the following amounts. Find their total 
indebtedness : 

(a.) (b.) 

$9257445 PhUadelphia, $60781984 

4716754 Pittsburg, 13862669 

1712685 San Francisco, 4869000 

20778868 Cincinnati, 23389000 

129021244 Cleveland, 7704164 



Baltimore, 
Charleston, 
Nashville, 
New Orleans, 
New York, 



(c.) 
Washington, $23310146 
St. Louis, 22739905 

Providence, R.I. 10158726 
Jersey City, 14217435 
Detroit, 1207400 



(d.) 




Buffalo, N.Y., 


$7509257 


Hartford, Ct., 


2152000 


Boston, 


26159777 


Toledo, 


3778849 


Memphis, 


4906974 



11. The coinage of the United States Mint in the 
year 1879 was as follows : Gold coins, $40986912 ; sil- 
ver coins, $27227882; and minor coins, $97798. 
What was the value of the total coinage for that year? 

12. In the following example let the pupil add col- 
umns A, B, C, as separate examples; then add sec- 
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tions 1, 2, 3, as separate examples ; finally, add columns 
A, B, and C, as one example : 

Find the sum in each of the 34 examples given be- 
low: 



(1-) 



(2.) 



(3.) 



A. 




B. 


C. 


123456 




789234 


567891234 


234567 




891345 


678912345 


345678 




912468 


532179041 


456789 




123246 


813574567 


577891 


(4-) 


234035 


(70 792541013 


678912 




345502 


478107954 


789123 




456100 


301220710 


891234 




667234 


567890123 


912345 




678002 


345678912 


978643 




152345 


789015807 


251346 




879456 


497605432 


512364 




798567 


274031463 


134687 




925678 


801375010 


346879 


(50 


1 251789 


(80 570132934 


468791 




523890 


432045601 


687915 




234902 


341347902 


879152 




643013 


165453379 


234567 




891321 


613226795 


121212 




123132 


767676767 


232323 




232312 


656565656 


343434 


(60 


1 343213 


(90 545454545 


454545 




454231 


232323232 


565656 




565133 


141414141 


676767 




676321 


373737373 
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SUBTRACTION. 

40. Subtraction is the process of findingr the dif- 
ference between two niunbers. 

41. The number to be subtracted is called the Sub- 
trahend. 

42. The number from which the subtrahend is to 
be taken is called the Minuend. 

43. The number found by subtracting the subtra- 
hend from the minuend is called the DifCerence^ or 
Remainder. 

44. The Sign of Subtraction is — , and is read 
minus. The minus sign placed between two numbers 
indicates that the first number is to be diminished by 
the second. 

46. The Minuend equals the sum of the remainder 
and subtrahend. 

46. Hence, to prove subtraction add the remainder 
and subtrahend ; if the sum is the minuend, the work 
is correct. 

47. Units of one order cannot be taken from units 
of a different order. 

48. Hence, in Subtraction, units of the same order 
must stand in the same column. 

49. To find the difference between two numbers 
when each digrit in the minuend is greater than its 
corresponding: digit in the subtrahend. 

1. Find the difference between 9 units and 7 units. 

2. Eight units minus four units are how many? 
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3. Twelve units minus 5 units are how many? 

4. Seven apples minus 3 apples are how many? 

5. Five less 2 are how many? 

6. What is the difference between 9 bushels and 5 
' bushels ? 

7. Find the difference between 8 acres and 3 acres. 

8. Can four horses be subtracted from 7 acres? 
Why? 

9. Can 4 horses be subtracted from 7 horses? 
Why? 

10. C^n 4 acres be taken from 7 acres? Why? 

11. Find the difference between 6 units and 3 units 
of the same denomination, and verify the result. 

12. Write a rule for performing subtraction when 
each digit in the minuend exceeds its corresponding 
diffit in the subtrahend. 



13. From 27 
Take 16 



14. From 72 
Take 61 



15. From 67 
Take 21 



Diff. 



Diff. 



Diff. 



16. From 331 
Take 120 



17. From 543 
Take 321 



18. From 786 
Take 542 



Diff. 



Diff. 



Diff. 



19. From 987 
Take 432 



20. From 876 
Take 321 



21, From 754 
Take 210 



Diff. 



Diff. 



Diff. 
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22. Prom 789 23. From 678 24. From 567 
Take 654 Take 456 Take 213 

Diff. Diff. Diff. 

25. From 654 26. From 765 27. From 876 
Take 342 Take 354 Take 654 

Rem. Rem. Rem. 

50. To find the difference between any two num- 
bers. 

Example 1. — From 7427 subtract 5869. 

Explanation* — Since 9 units cannot 
be taken from 7 units, 1 ten in the minuend 
must be changed to w»ite. This gives 17 um'te. Minuend, 7427 
Subtracting 9 units from 17 units there remain Subtrahend, 5869 
8 units. Since one of the two tens in the _ "~ 

minuend has been clianged to units, only 1 ' 

ten remains. From 1 ten we cannot subtract 
6 tens; but by changing 1 of the 4 hundreds to tens^ we shall here get 
11 tens. Subtracting 6 tens the remainder is 6 tens. In the minu- 
end there remain only 3 hundreds. From this we cannot take the 8 
hundreds in the subtrahend ; but by changing one of the 7 thousands 
to hundreds we can take the 8 hundreds in the subtrahend from 13 
hundreds in the minuend, which leaves 6 hundreds. Finally, 6 
thousand minus 5 thousand leaves 1 thousand. The difference, 
then, between 7427 and 6869 is 1668. 

Proof. — Since by taking 5869 from 7427 we get 1668, if the 
work has been correctly performed 6869 added to 1668 must give 
the minuend 7427. We find that the sum of 5869 and 1558 is 7427; 
and hence, we infer the work is correct. 

61. From this explanation we derive the following 
rule for subtraction : 
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Rule. — fVrite the subtrahend beneath the minuend^ 
so that units of the same order s/iall stand in the same 
column. Subtract each figure in the subtrahend from 
its corresponding figure in the minuend^ and write the 
result in the same order below. If any figure in the 
minuend is less than its correspondii%g figure in the 
subtrahend^ change one unit of the next higher order in 
the minuend to this denomination^ add the units of this 
order J and then subtract. Proceed in a similar manr- 
ner with the several orders in succession, beginning with 
the order of units. 

(2.) (3.) (4.) (5.) 

From 4321 From 5432 Prom 6543 From 7654 
Take 1234 Take 2345 Take 3456 Take 4567 



Kem. 3087 Rem. 



(6.) 
From 4231 
Take 1324 



(7.) 
From 5342 
Take 2435 



Eem. 

(8.) 
From 6453 
Take 3456 



Kem. 

(9.) 
From 7564 
Take 4657 



Bern. 

(10.) 
Prom 97864 
Take 69783 



Eem. 



Rem. 



Rem. 



(11.) 

From 86431 
Take 53297 



(12.) 
From 87654321 
Take 12345678 



Eem. 

(13.) 
From 654321 
Take 567890 

Rem. 



Rem. 

(14.) 
From 479351 
Take 375986 

Bern. 



Eem. 

(15.) 
From 765642 
Take 567893 

Eem. 
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(16.) (17.) (18.) . 

From 257689 From 7030492 From 3785216 

Take 178791 Take 4360751 Take 2139437 



Rem. Eem. Rem. 

(19.) (20.) (21.) 

From 98989898 From 75757575 From 86858483 

Take 69696969 Take 57575757 Take 39383736 



Rem. Rem. Rem. 

Perform the operations indicated in the following 
examples : 

1. 1234 + 4321 — 3124 + 2143 — 4123. 

2. 2134 — 1324+3214 — 2341 + 3412 — 4123. 

3. 3124 — 1243 + 4312 — 3124 + 2143+1432 — 

1423. 

4. 4321 — 1234 + 2143 — 1324 + 3142 — 1432 + 

4132. 

5. 5467 — 4567 + 4657 — 4576 + 5764 + 6745 — 

7654. 

6. 6879 + 8697 — 8796 + 7869 — 9678 + 9786 + 

7698. 

7. 198 + 89— 101 + 222— 333 + 404 + 555 — 666" 

+ 707. 

8. 987 — 789 + 879 — 978 + 798 + 897 + 123 — 

321. 

9. 842 + 248 + 428 — 284 — 124 + 314—612 + 

111. 
10. 987 + 897 + 798 — 978 — 879 — 789. 
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11. Find the sum of any two numbers, and their 
difference. 

12. From the sum of any two numbers take their 
difference. 

13. To the difference of any two numbers add their 
sum. 

14. To half the sum of any two numbers add half 
their difference. 

15. From half the sum of any two numbers take 
half their difference. 

16. To the sum of two numbers add the sum of any 
other two numbers. 

17. Find the difference between the sum of two 
numbers and the sum of two other numbers. 

18. Find half the sum of any two numbers. 

19. To half the first add half the second of the same 
two numbers. 

20. From half the first take half the second of the 
same two numbers. 

21. Work six examples similar to the nineteenth. 

22. Work six examples similar to the twentieth. 

23. From the greater of any two numbers take their 
difference. 

24. To the less of any two numbers add their differ- 
ence. 

25. The less of any two numbers plus their differ- 
ence equals what? 

26. The greater of two numbers minus their differ- 
ence equals what? 
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27. The greater of two numbers minus the less 
equals what? 

28. The greater of two numbers is 7894, and the 
less is 4326. Find their difference. 

29. The greater of two numbers is 8749, and the 
less is 3462. Find their difference. 

30. The greater of two numbers is 7984, and the 
less is 2634. Find their difference. 

31. The greater of two numbers is 7984, and their 
difference is 4327. Find the less number. 

32. The greater of two numbers is 4994, and their 
difference is 1991. Find the less number. 

33. The greater of two numbers is 6116, and their 
difference is 1661. Find the less number. 

34. The less of two numbers is 1827, and their 
difference is 941. Find the greater number. 

35. The less of two numbers is 2442, and their 
difference is 4224. Find the greater number. 

36. Find the greater of two numbers, one of which 
is 1570, and whose difference is 1750. 

37. What number must be added to 2116 to make 
6121? 

38. What number must be added to 1621 to make 
2611? 

39. What number must be added to 2611 to make 
6211? 

40. What number must be added to 1216 to make 
1612? 

41. What number taken from 8142 leaves 4281? 

42. What number taken from 4218 leaves 2418? 



Digitized 



by Google 



SUBTRACTION. 25 

43,- What number taken from 4821 leaves 2148? 

44. One af two numbers is 7337, and their differ- 
ence 3773. Find the other. 

45. One of two numbers is 1001, and their differ- 
ence, 109. Find the other. 

46. One of two numbers is 2002, and their differ- 
ence, 1221. Find the other. 

47. One-half the sum of two numbers is 1818, and 
one-half their difference, 1188. Find their sum and 
their difference. 

48. One-half the sum of any two numbers increased 
by one-half their difference equals what? 

49. Write two numbers, neither of which exceeds 
two thousand, and find their difference. 

50. Write two numbers, neither of which exceeds 
ten thousand, and find both their sum and their differ- 
ence. 

51. How many times can yoii subtract 1214 from 
6070? 

52. The First Book of the iEneis contains 1065 
lines, and the Second Book contains 1094 lines. How 
many more lines does the one contain than the other? 

53. In the year 1862 the population of Boston was 
177812 ; that of New York was 805657. How much 
did the population of New York exceed that of Boston ? 

54. The number of square miles in the State of 
Missouri is given as 65000, the number of square miles 
in the State of New York is given as 47000. How 
much larger is the State of Missouri than the State of 
New York? 

55. Light moves at the rate of 185000 miles in one 
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second of time, and sound at the rate of 1142 feet in 
one second. Can you tell how much farther light 
moves in one second than sound? Why? 

56. From the sum of 18724 and 17842 take the sum 
of 12784 and 12847. 

57. The circumference of the Earth is given as 24956 
miles, and its diameter as 7912 miles. How many 
miles does the circumference exceed the diameter? 

58. Find the sum of the consecutive numbers from 
5 to 20, and also of the consecutive numbers from 1 
to 18 ; and find the difference between these sums. 

59. Subtract by 2's from 101 to 1. 

Thus : 101 less 2 is 99 ; 99 less 2 is 97 ; 97 less 
2 is 95. 

60. Subtract by 2's from 100 to 2. 

61. Subtract by 2's from 103 to 3. 

62. Subtract by 2's from 100 to 4. 

63. Subtract by 2's from 95 to 5. 

64. Subtract by 2's from 210 to 6. 

65. Subtract by 2's from 99 to 7. 

66. Subtract by 2's from 98 to 8. 

67. Subtract by 2's from 99 to 9. 

68. Subtract by 3's from 94 to 1. 

69. Subtract by 3's from 100 to 2. 

70. Subtract by 3's from 102 to 3. 

71. Subtract by 4's from 97 to 2. 

72. Subtract by 5's from 104 to 4. 

73. Subtract by 6's from 101 to 5. 

74. Subtract by 7's from 97 to 6. 

75. Subtract by 8's from 103 to 7. 
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76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 
106, 



Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 
Subtract by 



's from 
's from 
's from 
's from 
's from 
's from 
's from 
's from 
's from 
's from 
's from 
's from 
*8 from 
's from 
's from 
's from 
's from 
's from 
's from 
*s from 
's from 
's from 
*s from 
's from 
's from 
's from 
's from 
's from 
's from 
*s from 
's from 



107 to 8. 

109 to 10. 

110 to 11. 

201 to 1. 

202 to 2. 

203 to 3. 

204 to 4. 

205 to 5. 
122 to 1. 
124 to 3. 
126 to 5. 
128 to 8. 
130 to 9. 
145 to 1. 
147 to 3. 
149 to 5. 
151 to 7. 
153 to 9. 
158 to 2. 
172 to 4. 
186 to 6. 
200 to 8: 
214 to 10. 
170 to 1. 
185 to 3. 
200 to 5. 
198 to 2. 
214 to 4. 
230 to 6. 
226 to 1. 
243 to 3. 
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107. Subtract by 15's from 257 to 2. 

108. Subtract by 15's from 274 to 4. 

109. Subtract by 16's from 256 to 0. 

110. Subtract by 16's from 300 to 12. 



MUt.TIPi:.ICATION. 

52. Multiplication in arithmetic consists in repeat- 
ingr any number a given number of times. 

63. The number to be repeated a given number of 
times is called the Multiplicand. 

64. The number which shows how many times the 
multiplicand is to be repeated is called the Multiplier. 

66. The number obtained by multiplying the multi- 
plicand by the multiplier is called the Product. 

66. The Multiplier and Multiplicand are called 
Factors. 

67. The Sign of Multiplication is an oblique cross, 
thus: X, and is read, multiplied by. 

68. The Sign of Equality, which consists of two 
horizontal parallel lines, thus: =, is often placed be- 
tween two quantities to indicate that they are equal : 

As, 2XQ = 12. 

69. To multiply when the multiplier consists of 
only one figure* 

Example 1. —Multiply 232 by 3. 

Explanation. — 8 times 2 units gives 6 operation. 

units, wliich we write in the order of units. 3 noo Multinlicand 

times 3 tens gives 9 tens, which we write in the „ Multinlier 

order of tens. 3 times 2 hundreds gives 6 hun- 

dreds, wliich we write in the order of hundreds. 696 Product. 
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From this explanation we derive the following rule : 

Rule. — Multiply each figure in the multiplicand 
by the multiplier^ beginning with the order of unitSj 
and write the result beneath ^ observing to place each 
figure in the product in its proper order. 

MULTIPLY MULTIPLY MULTIPLY 

2. 123 by 2. 7. 321 by 2. 12. 222 by 4. 

3. 132 by 2. 8. 121 by 3. 13. Ill by 4. 

4. 213 by 2. 9. 112 by 3. 14. 121 by 4. 

5. 231 by 2. 10. 211 by 3. 15. 211 by 4. 

6. 312 by 2. 11. 223 by 3. 16. 112 by 4. 

59 a. To mnltiply when the mnltiplier consists of 
two or more figrures* 

Example 1. — Multiply 323 by 32. 

Explanation* — The product operation. 

of 323 units by 2 units is 646 units. 333 Multiplicand. 

This is the first partial product. „„ MultiDlier 

The product of 323 units by 3 tens 

is 969 tens, or 9690 units. This is 646 First partial product, 

the second partial product. Finally 969 Second partial product. 

646 units plus 9690 units make 10886 „ , 

units. This is the total product of 10336 Total product. 
323 by 32. 

Note. — Let the pupils derive a rule from this explanation, and 
write it out carefully, with a view to clearness and brevity. 





MULTIPLY 


MULTIPLY 




MULTIPLY 


2. 


111 by 22. 


6. 221 by 23. 


10. 


123 by 31. 


3. 


222 by 11. 


7. 122 by 32. 


11. 


342 by 22. 


4. 


121 by 12. 


8. 331 by 23. 


12. 


432 by 12. 


5. 


112 by 21. 


9. 133 by 32. 


13. 


243 by 32. 
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MULTIPLY MULTIPLY MULTIPLY 

14. 444 by 22. 18. Ill by 111. 22. 333 by 111. 

15. 444 by 12. 19. 222 by 222. 23. 333 by 222. 

16. 414 by 21. 20. 333 by 333. 24. 444 by 111. 

17. 144 by 11. 21. 222 by 111. 25. 444 by 222. 
60. To mnltiply an Integrer by an integrer, grenerally. 
Example 1. — Multiply 6543 by 3456. 

OPERATION. 

6543 Multiplicand. 
3456 Multiplier. 
Explanation. 

The product of 6543 by 6 units is .39268 Units. 

The product of 6643 by 5 tens is 32715 Tens. 

The product of 6643 by 4 hundreds is 26172 Hundreds. 

The product of 6543 by 3 thousands is 19629 ^ Thousands. 

The product.of 6543 by 3456 is 22612608 

From thig explanation we derive the following 

GEXEBAI. RULE. 

Multiply the multiplicand by each figure in the muU 
tiplievj and write the first figure in each partial product 
directly under that figure in the multiplier which pro- 
duced it. Tfie sum of the several partial products is 
the product required. 

Note. — When there is a cipher in the multiplier there will be no 
partial product of that order. 

MULTIPLY MULTIPLY 

2. 234 by 243. 5. 345 by 354. 

3. 342 by 234. 6. 435 by 453. 

4. 423 by 324. 7. 453 by 354. 
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MULTIPLY MULTIPLY 

8. 654 by 456. 14. 8765 by 4567. 

9. 564 by 465. 15. 9876 by 5678. 

10. 456 by 546. 16. 8967 by 6587. 

11. 5432 by 1234. 17. 6789 by 8765. 

12. 6543 by 2345. 18. 9878 by 7989. 

13. 7654 by 3456. 19. 8978 by 7889. 

20. Find the continued product of 1, 2, 3, 4, 5, 6, 
7, 8, 9. 

21. Find the continued product of 1, 3, 5, 7, 9, 11, 
13, 15. 

22. Find the continued product of 2, 4, 6, 8, 10, 
12, 14. 

23. Find the continued product of 2, 4, 8, 16, 32, 64. 

24. Find the continued product of 3, 7, 11, 15, 19, 
21. 

25. Find the product of 2 taken twice as a factor. 

26. Find the product of 3 taken twice as a factor. 

27. Find the product of 4 taken twice as a factor. 

28. Find the product of 5 taken twice as a factor. 

29. Find the product of 2 taken three times as a 
factor. 

30. Find the product of 3 taken three times as a 
factor. 

31. Find the product of 4 taken three times as a 
factor. 

32. Find the product of 5 taken three times as a 
factor. 

33. Find the product of 2 taken four times as a 
factor. 
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34. Find the product of 3 taken four times as a 
factor. 

35. Find the product of 4 taken four times as a 
factor. 

36. Find the product of 5 taken four times as a 
factor. 

37. Take 6 five times as a factor. 

38. Take 7 five times as a factor. 

39. Take 8 six times as a factor. 

40. Take 9 seven times as a factor. 

41. Take 10 ten times as a factor. 

42. Take 11 five times as a factor. 

43. Take 12 six times as a factor. 

44. Take 13 five times as a factor. 

45. Take 14 four times as a factor. 

46. Take 15 as a factor eight times. 

47. Take 16 as a factor eight times. 

48. Multiply 15 times 15 by 16 times 16. 

49. Multiply 18 times 18 by 19 times 19. 

50. Multiply 21 times 21 by 31 times 31. 

61. At $227 an acre, how much will 1834 acres cost? 
52. At $347 a ton, how much will 2743 tons of iron 
cost? 

63. If you earn $217 in one year, how much can 
you earn in 37 years? 

64. If a man can earn $722 in one year, how many 
dollars can 713 men earn in 17 years? 

65. Find the cost of 1981 barrels of flour, at $9 a 
barrel. 

56. Find the cost of 2147 barrels of pork, at $22 a 
barrel. 
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57. Find the cost of 7358 kegs of tobacco, at $32 a 
keg. 

68. Find the cost of 92143 firkins of butter, at $17 
a firkin. 

59. Find the cost of 8756 tons of hay, at $11 a ton. 

60. A man bought 342 oxen, and 542 times as many 
sheep. How many animals did he buy? 

61. When the multiplier is a composite number the 
multiplication can be performed by using the factors 
of the multiplier in succession. 

Example 1. — Multiply 847 by 45. 

Suggestion. — ^The factors of 45 are 3, 3, and 5. 

OPEBATION. 

847 
6 

Five times 847 are 4236 

3 

Three times 6 times, or 15 times 847, are 12706 

8 

Tlu'ee times 3 times 6 times, or 45 times 847, are 38116 

In a similar manner find the product 

2. Of 796 by 27. f Factors 3, 3, and 3. 

3. Of 943 by 84. \ Factors 7, 3, 2, and 2. 

4. Of 7437 by 105. 

5. Of 89743 by 132. 

62. To multiply by 10, 100, 1000, etc. 

Suggestion. — Annex to the multiplicand as many ciphers as 
tliere are in the multipUer. 

S 



Digitized 



by Google 



34 PRACTICAL ARITHMETIC 

MULTIPLY MULTIPLY 

1. 246 by 10. 4. 7483 by 10000. 

2. 462 by 100. 5. 4783 by 100000. 

3. 624 by 1000. 6. 8437 by 1000000. 

62 a. To multiply when there are ciphers annexed 
to both factors. 

Suggestion. — Perform the multiplication toit/iouf the ciphers 
annexed, and to the product thus found annex as many ciphers as 
there are at the right of both factors. 

Example 1. — Multiply 12400 by 3400. 

Explanation. —The product of 124 by 34 is 4216. 
Annexing /our ciphers, the product is 42160000. 

MULTIPLY MULTIPLY 

2. 340 by 250. 9. 23400 by 3400. 

3. 5370 by 530. 10. 345000 by 4500. 

4. 6540 by 560. 11. 456700 by 56000. 

5. 7650 by 650. 12. 567800 by 670000. 

6. 6700 by 1200. 13. 678000 by 567000. 

7. 7900 by 6900. 14. 789000 by 6780000. 

8. 9800 by 8900. 15. 8950000 by 9800000. 

63. The multiplier is always an abstract number, 
and the product is always of the same denomination 
as the multiplicand. 

64. Multiplication may be proved by dividing the 
product by either of the factors which produced it ; 
the quotient, if the work is correct, must be the other 
factor. 

Note. — If thought necessary the teacher can omit the proof in 
the first 49 examples, untU the pupils shall have mastered Art. 79. 
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Find the product of 

1. 101 by 101, and prove the work. 

2. 202 by 101, and prove the work. 

3. 202 by 202, and prove the work. 

4. 110 by 101, and prove the work. 

5. 220 by 202, and prove the work. 

6. 220 by 110, and prove the work. 

7. 220 by 220, and prove the work. 

8. 303 by 101, arid prove the work. 

9. 303 by 202, and prove the work. 

10. 303 by 303, and prove the work. 

11. 330 by 110, and prove the work. 

12. 330 by 220, and prove the work. 

13. 330 by 330, and prove the work. 

14. 330 by 303, and prove the work. 

15. 330 by 202, and prove the work. 

16. 330 by 101, and prove the work. 

17. Ill by 111, and prove the work. 

18. 222 by 111, and prove the work. 

19. 222 by 222, and prove the work. 

20. 333 by 111, and prove the work. 

21. 333 by 222, and prove the work. 

22. 504 by 405, and prove the work. 

23. 540 by 450, and prove the work. 

24. 504 by 450, and prove the work. 

25. 550 by 540, and prove the work. 

26. 550 by 504, and prove the work. 

27. 505 by 405, and prove the work. 

28. 505 by 504, and prove the work. 

29. 555 by 444, and prove the work. 



85 
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30. 666 by 555, and prove the work. 

31. 655 by 220, and prove the work. 

32. 555 by 111, and prove the work. 

33. 555 by 222, and prove the work. 

34. 666 by 111, and prove the work. 

35. 666 by 222, and prove the work. 

36. 666 by 333, and prove the work. 

37. 666 by 444, and prove the work. 

38. 655 by 333, and prove the work. 

39. 635 by 353, and prove the work. 

40. 633 by 355, and prove the work. 

41. 646 by 464, and prove the work. 

42. 545 by 454, and prove the work. 

43. 636 by 363, and prove the work. 

44. 656 by 565, and prove the work. 

45. 534 by 435, and prove the work. 

46. 787 by 878, and prove the work. 

47. 888 by 777, and prove the work. 

48. 877 by 788, and prove the work. 

49. 999 by 888, and prove the work. 
Find the product 

50. Of the factors- 7, 10 and 21. 

51. Of the factors 8, 11 and 22. 

52. Of the factors 9, 12 and 23. 

53. Of the factors 10, 13 and 24. 

54. Of the factors 11, 14 and 25. 

55. Of the factors 12, 15, 25 and 30. 

56. Of the factors 13, 16, 26 and 40. 

57. Of the factors 14, 17, 27 and 60. 
68. Of the factors 15, 18, 28 and 60. 
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59. Of the factors 16, 19, 29 and 70. 

60. Of the factors 17, 10, 22, 30 and 45. 

61. Of the factors 18, 20, 33, 40 and 55. 

62. Of the factors 19, 30, 44, 50 and 66. 

63. Of the factors 20, 40, 55, 60 and 77. 
•64. Of the factors 21, 50, 66, 70 and 88. 

65. Of the factors 22, 60, 77, 80 and 99. 

66. Of the factors 23, 70, 88, 90 and 111. 

67. Of the factors 24, 80, 99, 100 and 222. 

68. Of the factors 5, 10, 15, 20, 25 and 30. 

69. Of the factors 10, 14, 24, 34, 44 and 200. 

70. Of the factors 20, 24, 34, 44, 54 and 300. 

71. Of the factors 30, 35, 45, 55 and 400. 

72. Of the factors 40, 45, 65, 70 and 500. 

73. Of the factors 101, 202, 303 and 404. 

74. Of the factors 202, 404 and 505. 

75. Of the factors 303, 606 and 707. 

76. Of the factors 404, 606 and 707. 

77. Of the factors 707, 808 and 909. 

78. At $45 an acre, what will 7432 acres of land cost? 

79. At $124 apiece, what will 1723 horses cost? 

80. If one barrel of flour weighs 196 pounds, find the 
weight of 4116 bbls. 

81. Find the cost of 728 city lots, at $79 per front 
foot. 

82. Find the cost of 837 city lots, at $103 per front 
foot. 

83. What will 23 steamships cost at $93741 apiece? 

84. What will 181 schooners cost at $12347 apiece? 

85. At $111 a head, what will 4742 mules cost? 
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38 PRACTICAL ARITHMETIC. 

86. At $23 a head, what will 3114 cattle cost? 

87. At $117 per acre, what will 747 acres of land 
cost? 

88. If one acre jdelds 83 bushels of corn, what will 
936 acres yield ? 

89. If one acre yields 27 bushels of wheat, what will 
1115 acres yield? 

90. If one acre yields 32 bushels of oats, what will 
349 acres yield ? 

91. Find the cost of 9116 cattle, at $96 a head. 

92. Find the cost of 1961 cattle, at $69 a head. 

93. Find the cost of 7256 miles of railroad, at 
$19251 per mile. 

94. Find the cost of 18322 miles of railroad, at 
$27016 per mile. 

95. Find the cost of 1417 cars, at $17122 apiece. 

96. Find the cost of 748 sleepers, at $21419 apiece. 

97. At 239 miles per day, how far will a train run 
in 2169 days? 

98. At 314 miles per day, how far will a train run 
in 1618 days? 

99. At $289 a ton, how much will 893 tons of rail- 
road iron cost? 

100. At $432 a ton, what will 915 tons of steel rails 
cost? 

DIVISION. 

65. Division in arithmetic is finding how mapy 
times one number is contained in another. 

66. The Dividend is the number to be divided. 
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67. The Divisor is the number by which we divide. 

68. The Quotient shows the number of times the 
Dttisor is contained in the Dividend. 

69. A Divisor of a number is a Factor of that 
number. 

70. An £xact Divisor of a number is a divisor which 
is contained in the given number an integral number of 
times. 

71. The Sign of Division (-h) is read divided by. 

72. The Remainder in division is that part of the 
dividend, after division, which will not contain the 
divisor, being always less than the divisor. 

73. To divide when the divisor does not exceed 9, 
and is an exact divisor of each figure in the divi- 
dend. 

Example 1. — Divide 369 by 3. 

Explanation. — Dividing any number 
by 8, is simply finding one-third of that 

«.,,«K^* OPERATION. 

number. ^. . ^. .^ ^ 

^ ^,-.j^«-u J 1S-.1- J J Divisor. Dividend. 

One-third of 3 hundreds is 1 hundred. s^aro 

ane-third of G tens is 2 tens. -j^ Quotient. 

One-third of 9 units is 3 units. 

Hence, the quotient is 123. 

74. As ill multiplication the product is of the same 
denomination as the multiplicand, so in division the 
quotient is of the same denomination as the dividend. 

RuiiE. — Divide each figure in the dividend by the 
divisor^ and write the quotient figure immediately be- 
neath the figure in the dividend which produced it. 
The result will be the quotient required. 
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40 PRACTICAL ARITHMETIC. 

In a similar manner explain each of the following 
examples : 

2. Divide 248 by 2. 7. Divide 555 by 5. 

3. Divide 428 by 2. 8. Divide 666 by 6. 

4. Divide 824 by 2. 9. Divide 777 by 7. 

5. Divide 996 by 3. 10. Divide 888 by 8. 

6. Divide 844 by 4. 11. Divide 999 by 9. 
75. To divide when the divisor exceeds 9, but is 

not greater than 12. 

Example 1.— Divide 83091612 by 12. 

OPERATION. 

Explanation. — Since the di- Divisor. Dividend, 
visor is not contained in 8 ten-millions 12 )83001612 

we reduce the 8 ten-millions to millions 6924301 Quotient, 

and add the 3 millions. This gives us the first partial dividend, 83 
millions. 

One-twelfth of 83 millions is 6 millions, with a remainder of 11 
millions, which we reduce to hundred-thousands. 

One-twelfth of 110 hundred-thousands is 9 hundred-thousands, 
with a remainder of 2 hundred-thousands, which we reduce to ten- 
thousands, and add the 9 ten-thousands. 

One-twelfth of 29 ten-thousands is 2 ten-thousands, with a re- 
mainder of 6 ten-thousands, which we reduce to thousands, and add 
the 1 thousand in the dividend. 

One-twelfth of 61 thousand is 4 thousand, with a remainder of 
3 thousand, which we reduce to hundreds, and add the 6 hundred 
in the dividend. 

One-twelfth of 36 hundred is 3 hundred, with no remainder. 

Since 12 is not contained in 1 ten, we write a cipher in the quotient 
to show there are no tenSf and reduce the 1 ten to units, and add 
the 2 units in the dividend. . 

One-twelfth of 12 units is 1 unit. 

Hence, 83091612 divided by 12 gives 6924301 as a quotient. 

BuLE. — If the figure in the highest order in the 
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dividend is not divisible by the divisor, reduce it to the 
next lower order, add the units of that order, and then 
divide. ^ 

Any remainder, after dividing any order in the div- 
idend by the divisor, must be reduced to the next lower 
order and added to the units of that order, and then the 
division may be continued as before. 

Proceed in this manner until the order of units is 
reached and divided, lohen the division will be complete. 

In a similar manner explain the following examples : 

2. Divide 10234 by 2. 6. Divide 591612 by 6. 

3. Divide 21249 by 3. 7. Divide 670218 by 7. 

4. Divide 36736 by 4. 8. Divide 7013456 by 8. 

5. Divide 45905 by 5. 9. Divide 8135278 by 9. 

76. When the divisor is not an exact divisor of the 
dividend, there will be a remainder after division. 
This remainder forms the numerator of a fraction, of 
which the divisor is the denominator ; the integral part 
of the quotient and this fraction forming the complete 
quotient. 

77. In multiplication the factors are given to find 
the product. In division the product, called the divi- 
dend, and one of the factors, called the divisor, are 
given to find the other factor, called the quotient. 

78. Division is the reverse of Multiplication. 
Hence, to prove division, multiply the divisor by 
the quotient, and to this product add the remainder, 
if any. The result must equal the dividend. 

79. To divide one number by another^ generally. 
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Example 1. — Divide 42312472 by 8402. 

Explanation. — Since the di- operation. 

visor consists of four figures, and the i>i- i>ivi- Qao- 
,-,,,„ . ^ j_. ., visor, deud. tient 

left hand figure is greater than the 8402)42312472(5036 
left hand figure of the dividend, we 42010 

must use five figures as the first par- • 

tial dividend. Now, 8 thousand is 30247 

contained in 42 millions about 5 25206 

thousands times; and 6 times 8402 

gives 42010 to be subtracted from the ^^^^^ 

dividend, leaving 302. Bringing down ^^^ 

the next figure of the dividend, the o Remainder. 

second partial dividend is 3024. The 

divisor is not contained in this. Writing a cipher in the quotient 
to show there are no hundredsj and bringing down the next figure of 
the dividend (which is the same as reducing the remainder to the 
next lower denomination and adding the units of that denomination) , 
the third partial dividend is 30247. The divisor is contained in this 
dividend 3 tens times. Multiplying the divisor by this quotient figure 
and subtracting the product from the partial dividend, and bringing 
down the next figure of the dividend, the fourth partial dividend is 
50412. The divisor is contained in this partial dividend 6 units times. 
Multiplying the divisor by this quotient figure, and subtracting, 
there is no remainder. Hence, 42312472 -!- 8402 = 5036. 

Proof. — If 6036 expresses the number of times 8402 is con- 
tained in 42312472, then 8402 multiplied by 6036 must give a product 
equal to the dividend, 42312472. Multiplying 8402 by 5036 we get 
42312472. 

EuLE. — I. Write the divisor at the left of the divi- 
dendj and the several figures in the quotient as they 
are obtained^ at the right, 

II. Divide the fewest number of figures in the divi- 
dend that will contain the divisor , and write the result 
in the quotient. * 

III. Multiply the divisor by this quotient figure^ sub- 
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tract the product from those figures of the dividend 
used in obtaining it, and annex the next figure of the 
dividend to the remainder. 

rV. Divide this new partial dividend by the divisor, 
multiply the divisor by this quotient figure, and sub- 
tract the product from this partial dividend. Annex 
the next figure of the dividend to this remainder, and 
divide as before. 

V. When any new partial dividend does not contain 
the divisor, write a cipher in the quotient, annex the 
next figure of the dividend, and divide as before. 

VI. When there is a remainder after obtaining the 
last quotient figure, write it over the divisor, and annex 
this fraction to the quotient already found. Tliis will 
be the complete quotient. 

In a similiir maimer explain each of the following 
examples : 

2. Divide 26781 by 1324. 

3. Divide 378984 by 2462. 

4. Divide 489465 by 3569. 

5. Divide 5987427 by 4689. 

6. Divide 608421 by 7894. 

7. Divide 709531 by 8985. 

8. Divide 800163 by 9876. 

9. Divide 901046 by 8967. 

80. Multiplication and division compared. 

By comparing the operation of multiplication with 
the operation of division, it will be seen that the two 
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factors in multiplication correspond to the divisor and 
quotient in division ; and that the product in multipli- 
cation corresponds to the dividend in division. 

In multiplication, we find that the final product is the 
sum of several partial products ; that each of these 
partial products is found by multiplying the multipli- 
cand by some one of the figures of the multiplier. 

Hence, finding the product of one number by another 
number consists of two distinct operations : First, 
finding the several partial products which result from 
multiplying the multiplicand by the several figures of 
the multiplier in succession. Second, finding the sum 
of these several partial products. 

In the example given below, the product in Case I. 
becomes the dividend in Case II. ; and if the multipli- 
cand is taken as the divisor, the multiplier becomes 
the quotient. 

Case I. 

MULTIPLICATION. 

Multiply 98765 The multiplicand. 
By 66789 The multiplier. 

Product by the units figure. 
Product by the tens figure. 
Product by the hundreds figure. 
Product by the thousands figure. 
Product by the ten-thousands figure. 

Total product by the multiplier. 



a. 


888886 


b. 


790120 


c. 


691365 


d. 


692590 


e. 


493825 




6608766686 
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Case II. 
DIVISION. 

Divide 5608765585 by 89765. 

Divisor. Dividend. Qaotient. 
98765) 5608765585(56789 
e. 493825 Product by the ten-thousands figure. 



670515 
592590 


First new dividend. 

Product by the thousands figure. 


779255 
691355 


Second new dividend. 
Product by the hundreds figure. 


879008 
790120 


Third new dividend. 
■ Product by the tens figure. 


888885 
888885 


Fourth new dividend. 
Product by the units figure. 


000000 


Remainder. 



6. 



Note. — By comparing carefully the two preceding operations 
the pupils will see that one of them is just the reverse of the other. 

The partial product marked {a) in the first case is the same as the 
product marked (a) in the second case. 

The partial product marked (b) in the first case is the same as the 
product marked (6) in the second case. 

The partial product marked (c) in the first case is the same as the 
product marked (c) in the second case. 

The partial product marked (d} in the first case is the same as the 
product marked (d) in the second case. 

The partial product marked (e) in the first case is the same as the 
product marked (e) in the second case. 

81, To divide by 100, 1000, 10000, 100000. 

BuLE. — Remove the point at the right of units as 
many orders to the left of units as there are ciphers an-* 
nexed to the divisor. 
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Explain the application of the rule to the following 
examples : 

1. Divide 1234 by 100. 

2. Divide 2345 by 1000. 

3. Divide 34567 by 10000. 

4. Divide 4567890 by 100000. 

82. GENERAL. PRIXCIPLES OF DIVISION. 
First Principle. 

Multiplying the dividend by any number multiplies 

the quotient by that number. 

Illustration •— 8 Is contained . in 24 three times; and in 3 
times 24 it is contained 9 times ; that is, 3 times 3 times. 

Second Principle. 

Multiplying the divisor by any number divides the 

quotient by that number. 

Illustration. — 8 is contained in 72 nine times ; but 3 times 8, 
or 24, is contained in 72 only 3 times ; that is \ of 9 times. 

Third Principle. 

Multiplying both divisor and dividend by the same 

number has no effect on the quotient. 

Illustration. — 8 is contained in 24 three times ; and 4, which 
is one-half of 8, is contained in 12, which is one-half of 24, just three 
times. 

Fourth Principle. 

Dividing the dividend by any number divides the 
quotient by that number. 

Illustration. — 8 is contained in 72 nine times; but it is con- 
tained in 24, which is one-third of 72, only one-third of nine times ; 
that is three times. 
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Fifth Principle. 

Dividing the divisor by any number multiplies the 
quotient by that number. 

Illustration. — 8 is contained in 24 three times ; but 4, which 
is one-half of 8, is contained in 24 twice three, or 6 times. 

Sixth Principle. 

Dividing both divisor and dividend by the same num- 
ber has no effect on the quotient. 

Illustration. — 8 is contained in 72 nine times ; and 4, which 
is one-half of 8, is contained in 36, wMch is one-half of 72, just mne 
times. 

By means of these principles, explain the following 
examples : 

1. How many 7nore times is 2 contained in 12, than 
in 6? Why? 

2. How many more times is 3 contained in 18, than 
in 6? Why? 

3. How many times less is 4 contained in 24, than 
in 72? W^hy? 

4. How many times less is 5 contained in 35, than 
in 95? Why? 

5. How many more times is 7 contained in 28, than 
21 in 84? Why? 

6. How many more times is 11 contained in 55, than 
33 in 99? Why? 

7. How many times less is 9 contained in 63, than 
18 in 162? Why? 
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8. Does 144 divided by 12 give a greater, or less, re- 
sult than 72 divided by 6? 

9. Does 338 divided by 26 give a greater, or less, re- 
sult than 169 divided by 13? 

10. Divide 12345 by 23, and prove the result. 

11. Divide 23456 by 32, and prove the result. 

12. Divide 345678 by 43, and prove the result. 

13. Divide 456789 by 54, and prove the result. 

14. Divide 54321 by 789, and prove the result. 

15. Divide 65432 by 678, and prove the result. 

16. Divide 876543 by 567, and prove the result. 

17. Divide 987654 by 4567, and prove the result. 

18. Divide 896745 by 5476, and prove the result. 

19. Divide 785634 by 765, and prove the result. 

20. Divide 1090801 by 20301, and prove the result. 

21. Perform the operations 243 X 672 -r- 469. 

22. Perform the operations 324 X 126 -^- 214. 

23. Perform the operations 989 X 898 -^ 789. 

24. Perform the operations 987 X 789 -^ 879. 

25. What is the quotient of 89543 divided by 4321 ? 

26. What is the quotient of 98452 divided by 3412? 
27.* What is the quotient of 1091820 divided by 

12345? 

28. 1875 -^- 25 + 20 X 23 = what? 

29. 864 + 64 -^ 8 X 400 = what? 

30. 1578 barrels of beef cost $23670 ; find the cost 
of one barrel. 

31. Divide 38504275 by 3 ; by 72 ; by 465. 

32. Divide 1246859 by 2 ; by 84 ; by 719. 

33. Divide 2354075 by 7 ; by 19 ; by 439. 
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34. Divide 9806257 by 4 ; by 57 ; by 171. 

35. Divide 2950296 by 5 ; by 27 ; by 981. 

36. Divide 276942 by 457. Ans. 606. 

37. Divide 789591 by 213. Ans. 3707. 

UNITED STATES CURREXCY. 

83. By United States Currency is understood the 
money of the United States. 

84. This currency is based on the Decimal System. 
Ten units of one denomination make a unit of the 

next higher, as in whole numbers. 

84 a. The coins used in this system are composed of 
gold, silver, copper, and nickel. 

Value of the several gold coins : 

The Double Eagle equals in value Tiirenty Dollars. 

The Eagle equals in value Ten Dollars. 

The Half-Eagle equals in value Fire Dollars. 

The iluarter-Eagle equals in value Tiiro and one-half 
Dollars. 

The Three Dollar and the Dollar gold coins are not much 
used. 

Value of the several silver coins ; 

The Dollar equals in value One hundred cents. 

The Half Dollar equals in value Fifty cents. 

The <|uarter Dollar equals in value Tiirenty-fiTe cents. 

The Dime equals in value Ten cents. 
The Half-Dime equals in value Five cents. 
The copper coins are the one and the turo cent pieces. 
The nickel coins are the tliree and the five cent pieces. 
The Dollar Sign is written $. 
The decimal point (.) separates dollars and cents. 
The MiU^ used in calculations, is not coined. 

4 
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85. To change any namber of units to an equlT- 
alent value expressed in terms of any lower denomi- 
nation. 

1. Change 25 dimes to cents. 
EquiTalent. — 10 cents make one dime. 

2. Change 43 dimes to cents. 

3. Change 56 dimes to cents. 

4. Change 27 dollars to dimes. 
£quiTalent. — 10 dimes make one dollar. 

5. Change 32 dollars to dimes. 

6. Change 45 dollars to dimes. 

7. Change 57 dollars to cents. 
£quiTalent. — 100 cents make one dollar. 

8. Change 71 dollars to cents. 

9. Change 73 dollars to dimes ; to cents. 

10. Change 84 dollars to dimes ; to cents. 

11. Change 2 cents to mills. 
EquiTalent. — 10 mills make one cent. 

12. Change 8 cents to mills. 

13. Change 2 dollars to dimes ; to cents ; to mills. 

85 a. To change any number of units of a lower 
denomination to an equivalent value expressed in 
terms of a higher denomination. 

14. Change 1200 cents to dimes. 

Suggestion. — There can be only one-tenth as many dimes as 
there are cents. 

15. Change 40 cents to dimes. 

16. Change 40 dimes to dollars. 

17. Change 500 cents to dimes ; to dollars. 
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85 b. To add United States Currency. 

1. Add $25, $35, $45. 

Suggestion. — Add as in whole numbers. 

2. Find the sum of $271, $127, $712. 

3. Find the sum of $313, $133, $331. 

85 c. To subtract United States Currency. 

4. From $842 subtract $248. 

Suggestion. — Subtract as in whole numbers. 

5. From 73 cents subtract 37 cents. 

6. From $73.37 subtract $37.73. 

7. From $91.91 subtract $19.19. 

85 d. To multiply United States Currency. 
Suggestion. — Multiply as in whole numbers. 



(8.) 
Multiply $125 
By 8 



$1000 



(11.) 

Multiply $41.14 
By 7 



(9.) 
Multiply $250 
By 4 



(12.) 
Multiply $18.18 
By 12 



(10.) 
Multiply 481 
By 9 



(13.) 
Multiply $1234.56 
By 3 



85 e. To divide United States Carrency. 
Suggestion. — Dirlde as in whole numbers. 

14. Divide $91.15 by 5. 

15. Divide $144.24 by 4. 

16. Divide $81.27 by 9. 

17. Divide $169.26 by 13. 
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18. Divide $216.56 by 8. 

19. Divide $288.48 by 12. 

20. Divide $576.96 by 24. 

21. Divide $512.32 by 16. 

22. Divide $2142.84 by 21. »^ 

23. Divide $4284.84 by 42. 

24. What does 1 man earn, if 12 men earn $172.80? 

25. If 12 yards cost $42.60, what did 1 yard cost? 

26. Find the cost of 1 ox, if 17 oxen cost $1445. 

27. If 224 acres cost $5600, what did 1 acre cost? 

28. If 864 sheep cost $3456, what was the cost of 1 
sheep ? 

GREATEST COMMON DIVISOR. 

86. A Diyisor of a number is a number that will 
exactly divide it. A Factor of a number is a divisor 
of it. A prime factor cannot be resolved into factors 
other than itself and unity. 

87. A Common Divisor of two or more numbers is 
an exact divisor of each of them. 

88. The Greatest Common Divisor of two or more 
numbers is the greatest number that will exactly 
divide each of them. 

FUNDAMENTAL PRINCIPLE . 

The Greatest Common Divisor of several numbers 
is the product of all the /actors common to the several 
numbers. 

First. If this product contains any factor not found 
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in either of the numbers, it will not exactly divide that 
number. 

Second, If this product does not contain all the 
factors common to the several numbers, it will not be 
the greatest common divisor of them. 

FIRST METHOD. 

89. To find the Greatest Common Divisor of sev- 
eral numbers by f actoringr* 

Example 1. — Find the Greatest Common Divisor 
of 12, 32, 44, and 56. 

Solution. —The prime factors of 12 are 2, 2, and 3. 

The prime factors of 32 are 2, 2, 2, 2, and 2. 
The prime factors ot 44 are 2, 2, and 11. 
The prime factors of 56 are 2, 2, 2, and 7. 

Since 3 is not a factor of 32, 44, and 56, it can form no part of 
the Greatest Common DiTisor. 

For a similar reason 7 and 11 can form no part of the Greatest 
Common DiTisor. 

Since 2, taken twice, is the only factor common to all the num- 
bers, their product, 4, is the greatest Common Divisor sought. 

Example 2. — Find the Greatest Common Divisor 
of 36, 48, 84, and 96. 

Solution. — The prime factors of 36 are 2, 2, 3, and 3. 
The prime factors of 48 are 2, 2, 2, 2, and 3 
The prime factors of 84 are 2, 2, 3, and 7. 
The prime factors of 96 are 2, 2, 2, 2, 2, and 3. 

The only factors common to these several numbers are 2, 2, and 
3. Hence, 12, their product, is the Greatest Common Divisor. 

3. Find the Greatest Common Divisor of 24, 38, 56, 
and 74. 
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4. Find the Greatest Common Divisor of 23, 46, 69, 
and 115. 

5. Find the Greatest Common Divisor of 21, 63, 84, 
and 105. 

6. Find the Greatest Common Divisor of 51, 85, 119, 
and 153. 

7. Find the Greatest Common Divisor of 39, 91, 
169, and 195. 

8. Find the Greatest Common Divisor of 45, 81, 
108, and 189. 

9. Find the Greatest Common Divisor of 144, 360, 
432, and 648. 

10. Find the Greatest Common Divisor of 431, 341, 
and 143. 

SECOND METHOD. 

90. This Method of finding the Greatest Common 
Divisor of two or more numbers depends on the fol- 
lowing principles : 

First Principle. 

A Divisor of a number is a divisor of any multiple 
of that number, 

Demonstration. — Let a be any number, and h a divisor of 
it. Then 2a, 8a, 4a, na, represent multiples of a. It is evident that 
if & is a divisor of a, that is, if h is contained in a a certain number 
of times, it must be contained in 2a, 8a, 4a ; raa, tvaice^ three timesy 
four times f n times as many times. 

Second Principle. 

A Divisor of two or more numbers is also a divisor 
of their sum. 
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Demonstration. — Let a be any number, and h a divisor of 
it. Then by First Principle 6 is a divisor of 2a, 3a, 4a, na. But 
6, being a divisor of a, and also of 2a, is a divisor of 3a, their sum. 
It is also a divisor of a plus 3a, or 4a, of a plus 4a, or 5a. Gen- 
erally, of na plus a, or, a (n -|- 1) 

Third Principle. 

A Divisor of two numbers is also a divisor of their 

difference. 

Demonstration. — Let a be any number, and h a divisor of it. 
Then, by First Principle, a is a divisor of 4a and 7a. But a is 
also a divisor of 3a, their difference. 

Example 1. — Find the Greatest Common Divisor of 

2043 and 5221. 

1st. Dividend. 
1st Divisor 2043)5221(2 
4086 

2d. Dividend. 

2d Divisor 1136)2043(1 
1135 

3d Dividend. 

3d Divisor 908)1135(1 
908 

— 4th Dividend. 
4th Divisor 227)908(4 
908 

Explanation. — A divisor of 2043 must, by Principle First, 
be a divisor of 4086. The divisor sought, then, is a divisor of 4086 
and 5221, and must, by Principle Third, be a divisor of the differ- 
ence, 1135. 

Since the divisor sought is a divisor of 1135 and 2043, it must, 
by the Third Principle, be a divisor of 908, their difference. 

Since the divisor sought is a divisor of 908 and also a divisor 
of 1135, it must, by Principle Third, be a divisor of their difference, 
which is 227. 

Proof, — Since the divisor sought is a divisor of 227, it must, 
by the First Principle, be a divisor of any multiple of 227, that is, 
of 908. 
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The divisor sought being a common divisor of 227 and 908, it 
must, by the Second Principle, be a divisor of their sum, 1136. 

The divisor sought being a common divisor of 908 and 1136, it 
must, by the Second Principle, be a divisor of their sum, 2043. 

The divisor sought being a divisor of 2043, it must, by the First 
Principle, be a divisor of any multiple of 2043, that is, of 4086. 

And being a divisor of 2043 and 4086, it must, by the Second Prin- 
ciple, be a divisor of their sum, 6221 . 

Finally. Since no number can have a divisor greater than itself; 
and since the divisor sought must be a divisor of 227, 2043, and 6221, 
it follows that the greatest common divisor of 2043 and 6221 is 
227. 

2. Find the Greatest Common Divisor of 2760 and 
7245. Ans. 345. 

3. Find the Greatest Common Divisor of 2387 and 
3255. Ans. 217. 

4. Find the Greatest Common Divisor of 8652 and 
20909. Ans. 721. 

5. Find the Greatest Common Divisor of 768, 1408, 
3200. 

Suggestion. — Find the Greatest Common Divisor of two of 
the given numbers. Then find the Greatest Common Divisor of it 
and the other number. 



LEAST COMMON MUL.TIPL.E. 

91. A multiple of any number is a number which 
will exactly contain it. Thus, 24, 36, 48, 72, 84, and 
96, are multiples of 12. 

92. A Common Multiple of two or more numbers 
is a number which is exactly divisible by each of them. 
Thus, 144 is a common multiple of 72, 48, 24, 16, 12, 
9, 8, 6, 4, 3, 2. 
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93. The Least Common Multiple of two or more 
numbers is the least number that will contain each of 
them an integral number of times. Thus, 60 is the 
least common multiple of 30, 20, 15, 12, 10, 5, 4, 3, 2. 

FUNDAMENTAL PRINCIPLES. 

The Least Common Multiple of several numbers is 
the product of all the different prime factors of those 
numbers^ taken the greatest number of times they are 
found in either of the given numbers. 

94. a. The Least Common Multiple must contain 
all tlie different prime factors found in the numbers 
themselves, otherwise it would not be divisible by each 
of them. 

b. The Common Multiple must not contain any prime 
factor a greater number of times than it is found in any 
of the numbers, otherwise it will not be the Least 
Common Multiple. 

FIRST METHOD. 

95. To find the Least Common Multiple by factor- 
ing. 

Example 1. — Find the Least Common Multiple of 

48, 64, 72, 96. 

Solution. —The prime factors of 48 are 2, 2, 2, 2, and 8. 

The prime factors of 64 are 2, 2, 2, 2, 2, and 2. 

The prime factors of 72 are 2, 2, 2, 3, and 3. 

The prime factors of 96 are 2, 2, 2, 2, 2, and 3. 
Here, the several different factors are 2 and 3. 
Since 2 occurs six times as a factor in 64, it must occur six times 
as a factor in the Least Common Multiple. 

Since 8 occurs twice as a factor in 72, it must occur twice in the 
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Least Common Multiple. Hence, the Least Common Multiple of 
48, 04, 72, and 96 is 676. 

2. Find the Least Common Multiple of 12, 14, 18, 
and 21. Ans. 252. 

3. Find the Least Common Multiple of 12, 21, 20, 
and 48. 

4. Find the Least Common Multiple of 11, 13, 26, 
and 99. 

5. Find the Least Common Multiple of 13, 39, 56, 
and 63. 

6. Find the Least Common Multiple of 8, 10, 12, 
18, and 25. 

7. Find the Least Common Multiple of 4, 5, 6, 7, 
and 8. 

8. Find the Least Common Multiple of 16, 24, 36, 
and 72. 

9. Find the Least Common Multiple of 18, 32, 42, 
and 56. 

10. Find the Least Common Multiple of 20, 34, 
54, and 65. 

96. The product of several numbers which are prime 
to each other, is their least common multiple. 

97. Numbers are prime to each other when no whole 
number is an exact divisor of all of them. 

SECOND METHOD. 

98. This method differs from the first only in the 
manner of resolving the given numbers into their prime 
factors. 

Example 1. — Find the Least Common Multiple of 
18, 27, 36, 44, 56, and 63. 
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SufTgestioii. — Arrange the several numbers as below, and 
divide by any prime number that is au exact divisor of two or more 
of them; write the quotients beneath, and bring down the numbers 
undivided. Proceed in the division until no prime number will 
divide two of the given numbers. 

The product of the several divisors, quotients, and remainders, 
will be the least common multiple. 

OPERATION. 

Divisor. 2) 18 27 36 44 5(3 68 



2) 9 


27 


18 


22 


28 


68 


3) y 


27 


9 


11 


14 


63 


3) 8 


9 


3 


11 


14 


21 


7) 1 


3 


1 


11 


14 


7 



3 1 ■ 11 

Here, 2 occurs three times as a factor; 3 occurs three times ; 7 oc- 
curs o»ce, and 11 once. Hence, 2X^X^X^X^X^X'^X^h or 
16682, is the least common multiple of 18, 27, 36, 44, 56, and 63. 

2. Find the Least Common Multiple of 15, 25, 35, 
45. 

3. Find the Least Common Multiple of 14, 28, 42, 
56, 64. 

4. Find the Least Common Multiple of 10, 20, 30, 
40, 50. • 

5. Find the Least Common Multiple of 16, 20, 24, 
28, 32. 

6. Find the Least Common Multiple of 18, 22, 32, 
44, 54. 

7. Find the Least Common Multiple of 22, 33, 44, 
55, 66. 

BUSINESS METHODS- 
GO. Business Calculations may often be greatly 
facilitated by using the following fractional parts of 
One Dollar. 
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One-third of one dollar equals 33J cents. 
One-sixth of one dollar equals 16f cents. 
One-eighth of one dollar equals 12| cents. 
One-twelfth of one dollar equals 8 J cents. 
One-sixteenth of one dollar equals 6 J cents. 
One-half of one dollar equals 60 cents. 
One-fourth of one dollar equals 25 cents. 
One-fifth of one dollar equals 20 cents. 
One-tenth of one dollar equals 10 cents. 
One-twentieth of one dollar equals 5 cents. 



APPLICATIONS. 

1. Find the cost of 64 arithmetics, at 37| cents 
apiece. 

Explanation. —37^ is three times 12^. 

12J cts. is \ of one dollar. 
Then, 37 J cents is | of one dollar. 
64 arithmetics, at #1, cost #64. 
64 arithmetics, at 37^ cents, cost f of $64, 
or $24. 

2. Find the cost of 96 readers, at 87^ cents apiece. 

Explanation. — 87^ is seven times \2\. 

. 12^ cents is \ of one dollar. 
Then, 87 1 cents is J of one dollar. 
96 readers, at $1, cost #96. 
96 readers, at 87^ cents, cost | of #96, or $84. 

3. Find the cost of 105 bushels of wheat, at 66| 
cents per bushel. 

Explanation. — 66| Is tvoice 33 J. 

ZZ\ cents is \ of one dollar. 
Then, QQ} cents is f of one dollar. 
105 bu. of wheat, at #1, cost #105. 
1,05 bu. of wheat, at 66f cents, cost f of 
#105, or #70. 



Digitized 



by Google 



BUSINESS METHODS. 61 

4. 62^ cents is what part of one dollar? 

5. 18| cents is what part of one dollar? Base, 6J. 

6. 31^ cents is what part of one dollar? Base, 6J. 

7. 43| cents is what part of one dollar? Base, 6j. 

8. 41| cents is what part of one dollar? Base, 8J. 

9. 58^ cents is what part of one dollar? Base, 8j. 

10. 83|^ cents is what part of one dollar? Base, 16|. 

11. Find the cost of 24 pocket-knives, at 12^ cents 
apiece. 

12. Find the cost of 4 dozen j)ocket-knives, at 12| 
cents apiece. 

13. Find the cost of 7 gross of steel-pens, at 62J 
cents a gross. 

14. Find the cost of 48 yards of calico, at 6^ cents 
a yard. 

15. Find the cost of 36 yards of muslin, at 16| cents 
a yard. 

16. Find the cost of 64 books, at 37J cents apiece. 

17. Find the cost of 72 books, at 8^ cents apiece. 

18. Find the cost of 144 books, at 12^ cents apiece. 

19. Find the cost of 60 books, at 16| cents apiece. 

20. Find the cost of 120 books, at 33^ cents apiece. 

21. Find the cost of 824 yards of silk, at $2.50 a 
yard. 

Solution. — 2 J- is one-fourth of 10. 

The cost of 824 yds. at ^10 is ^8240 ; 

The cost of 824 yds. at $2^ is } of ^8240, or ^2060. 

22. Find the cost of 1124 yards of silk, at $2.50. 

23. Find the cost of 1848 yards of silk, at $2.50. 

24. Find the cost of 1848 yards of cloth, at $1.25. 
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Solution. — 1^ is one-eigJUh of 10. 

The cost of 1848 yards, at ^10, is #18480. 
The cost of 1848 yards, at flj, is J of #18480, or 
$2310. 

25. Find the cost of 51 pounds of nails, at 3^ cents 

a pound. 

Solution. —3} is one-third of 10. 

The cost of 51 pounds, at 10 cents, is #5.10. 
The cost of 51 pounds, at 3} cents, is | of #6.10, 
or #1.70. 

26. Find the cost of 39 pounds of nails, at 3^ cents. 

27. Find the cost of 42 pounds of nails, at 3| cents. 

28. Find the cost of 80 horses, at $125 a head. 

Solution. — 125 is one-eighth of 1000. 

The cost of 80 horses, at #1000, is #80000. 
The cost of 80 horses, at #125, is | of #80000, or 
#10000. 

29. Find the cost of 144 cattle, at $125 a head. 

30. Find the cost of 72 cattle, at $125 a head. 

MISCELLANEOUS PROBLEMS. 

1. Find the cost of 168 yards of calico, at 12 J cents 
a yard. 

2. Find the cost of 64 yards of muslin, at 12^ cents 
a yard. 

3. Find the cost of 96 yards of sheeting, at 12^ 
cents a yard. 

4. Find the cost of 48 slates, at 12^. cents apiece. 

5. Find the cost of 108 books, at 12^ cents apiece. 

6. Find the cost of 120 spellers, at 12 J cents apiece. 

7. Find the cost of 27 lead-pencils, at 3^ cents 
apiece. 
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8. Find the cost of 39 knives, at 33^ cents apiece. 

9. Find the cost of 96 readers, at 33^ cents apiece. 

10. Find the cost of 96 pen-holders, at 6^ cents 
apiece. 

11. Find the cost of 80 pen-holders, at 6\ cents 
apiece. 

CANCELLATION. 

100. Cancellation is often employed to shorten the 
work when the product of several numbers is to be 
divided by the product of several numbers. It con- 
sists in applying Principle Sixth, Art. 82. 

1. Divide the product of 18 X 20 X 33 by 12 X 15 
Xll. 

FACTORS OF DIVTOEND. OPERATION. 

18 equals 2X3X3. Dividend, 18X20X33 

20 equals 2X2X5- Divisor, 12X15X11 

33 equals 3X1^- Cixplanation. —The factors 2, 2, 8, 

FACTORS OF DIVISOR. 8, 5, and 11, are common to both dividend 

12 equals 2X2X3. and divisor, and may therefore be rejected, 

15 equals 3X5. by Sixth Principle, Art. 82, without chang- 

11 equals 11. ing the quotient. The remaining factors 

in the dividend are 2 and 3. Hence, 2 times 3, or 6, is the quotient. 

2. Let the pupils make and solve ten similar exam- 
ples. 

Note. — For further exercises in Cancellation, see close of pro- 
miscuous problems. 

PROMISCUOUS PROBLEMS. 

1. A man bought three farms. The first contained 
113 acres, and cost $87 an acre ; the second contained 
78 acres, and cost $91 an acre ; the third contained 89 
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acres, and cost $31 an acre. How many acres did the 
three farms contain, and how much did they all 
cost? 

2. A merchant purchased a lot of flour, consisting 
of 814 barrels, at $9 a barrel ; a second lot consisting 
of 148 barrels, at $13 a barrel. How many more bar- 
rels of the second lot, and at the same price, could he 
have bought for the price paid for the first lot? 

3. The distance from the town A to the town B, 
lying directly south of A, is 10 miles greater than 
the distance from A to C, a town lying directly north 
of A. It takes 2 hours longer to travel from A to B 
than from A to C. What is the distance from B to C, 
if it takes 5 hours, at the same rate, to travel it? 

4. How much more must you pay for 37 cords of 
wood, at $7 a cord, than for 48 barrels of flour, at $5 
a barrel ? 

5. A boy went to market to buy apples, peaches, 
and potatoes. He bought a peck of apples for 32 cents, 
3 pecks of peaches for $1.37, and 1 bushel of potatoes 
for 90 cents. He gave the market-man a five-dollar 
bill, and received in change $2.41. Was this correct? 
How great was the mistake? . In whose favor? 

6. Find the cost of 112 bushels of potatoes, at $1.13 
a bushel. 

7. Find the cost of 11 bushels of apples, at $1.46 a 
bushel. 

8. Find the cost of 17 horses, at $118 apiece. 

9. Find the cost of 71 sheep, at $8.11 apiece. 

10. Find the cost of 19 cows, at $19 apiece. 
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11. Find the Least Common Multiple of 28, 49, 63, 
91. 

12. Find the Least Common Multiple of 42, 52, 62, 
72. 

13. Find the Least Common Multiple of 81, 128, 
256, 625. 

14. Find the Greatest Common Divisor of 356, 898, 
and 1254. 

15. Find the Greatest Common Divisor of 1126, 
1296, and 1548. 

16. Find the Greatest Common Divisor of 2882, 
4097, 4579. 

17. Prove that 2116 is the diflference between 809 and 
2925. 

18. The difference between two numbers is 11126, 
and the less of the two numbers is 4347. Find the 
greater number. 

19. The difference between two numbers is 9168, 
and one of these two numbers is 3123. Find the other 
number. 

20. When the difference of two numbers is known, 
and one of the numbers, how is the other number found ? 

21. What fundamental operation is involved in the 
preceding question ? 

22. The less of two numbers is 500, and the greater 
number is 1125. What is their sum ? 

23. The less of two numbers is 105, and the greater 
number is 1511. What is their difference? 

24. The less of two numbers is 827, and their sum 
is 2472. Find the greater number. 

6 
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25. The less of two numbers is 287, and their dif- 
ference is 215. Find the greater number. 

26. The greater of two numbers is 2941, and the less 
number is 1116. Find their difference. 

27. The greater of two numbers is 9214, and their 
sum is 9241. Find the less number. 

28. Find the product of 2222 by 222. 

29. The product of two numbers is 4579, and one 
of those numbers is 241. Find the other number. 

30. When the product of several numbers is known, 
and all of the numbers but one, how is the remaining 
number found? 

31. What number multiplied by 24 times 72 will 
produce the number 68200? 

32. To what term in division does the term product 
correspond? 

33. To what term in division does the term multi- 
plier in multiplication correspond? 

34. When the product and the multiplier are known, 
how is the multiplicand found? 

35. The product of two numbers is 365092, and the 
multiplier is 767. Find the multiplicand. 

36. How is Addition proved? 

37. How is Subtraction proved? 

38. How is Multiplication proved? 

39. How is Division proved when there is no re- 
mainder? 

40. How is Division proved when there is a re- 
mainder? 

41. Make five examples in Addition, and prove the 
work. 
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42. Make five examples in Subtraction, and prove 
the work. 

43. Make five examples in Multiplication, and prove 
the work. 

44. Make five examples in Division, and prove the 
work. 

45. State the distinction between the Greatest Com- 
mon Divisor of two or more numbers, and their Least 
Common Multiple. 

46. How can you multiply by 10, 100, 1000, and so 
on? Why? 

47. How can you divide by 10, 100, 1000, and so on? 
Why? 

48. Find the product of 378 multiplied by 63, using 
the factors of the multiplier. 

49. Find the cost of one sack of cofiee, when 237 
sacks cost $20145. 

50. If you can travel 27 miles in one day, how many 
miles can you travel in 79 days? 

51. If 1578 barrels of pork cost $23670, what did 1 
barrel cost? 

52. If you wished to exchange 25 pounds of butter 
for 45 pounds of sugar, at 8 cents per pound, what 
must be the price of butter? Ans. 14|. cents. 

53. If $24 will pay for 8 days' work, what is 1 day's 
work worth? 

54. If 8 men earn $32, how much does each man 
earn? 

55. If $48 will buy 12 cords of wood, what is the 
cost of 1 cord? 
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56. If 8 barrels of flour are worth $56, what is 1 
barrel worth? 

57. If 8 men can earn $56, what can 1 man earn? 

58. If 8 men can do a piece of work in 56 days, in 
how many days can 1 man do the same work? 

59. What is the diflerence between examples 57 and 
58? 

60. Can 1 man earn, in a given time, more, or less, 
money than 8 men can earn? 

61. Can 1 man do a certain piece of work in a greater, 
or a less, number of days than 8 men can do it? 

62. Find the time in which 5 men can do the same 
piece of work that 10 men can do in 20 days. 

63. Find the time in which 10 men can do the same 
piece of work that 5 men can do in 20 days. 

64. How many men are required to earn as much in 
5 days, as 10 men can earn in 20 days? 

65. How many men are required to earn as much in 
10 days, as 5 men earn in 20 days? 

66. A man bought 7 horses at $96.50 each ; 9 oxen 
at $31.75 each; and 43 cows at $14.25 each. What 
did they all cost him? 

67. Add $127.32, $415.12, $117.10, $816.02, $2.27, 
and $66.76. 

68. How much more will 12 acres of land cost, at 
$71 an acre, than 15 acres, at $43 an acre? 

69. A merchant bought 35 yards of calico, at 9 cents 
a yard, and paid for it in sugar at 15 cents a pound. 
How many pounds of sugar did it take? 

70. A farmer sold 30 dozen eggs, at 16| cents a dozen. 
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and 32 pounds of butter, at 12|^ cents a pound. He 
bought 48 yards of cloth, at 6 J cents a yard. How 
much money had he remaining? 

71. How much will it cost to plow 7 acres of land, at 
the rate of $1.75 per acre? 

72. A farmer raised 28 bushels of wheat per acre on 
42 acres of ground, and 42 bushels of corn per acre on 
82 acres of ground. If he sold his wheat at $1.25 per 
bushel, and his com at 62^ cents per bushel, what was 
his crop worth to him? 

73. Find the cost of 156 reams of paper, if 75 reams 
cost $243.75. 

74. Find the cost of 1 box of oranges, when 610 
boxes cost $268.40. 

75. If each of five horses costs $112.12, and two of 
them were again sold for $142.18, how much was 
gained? . • 

76. What will 13 acres of land cost, if 395 acres 
cost $186,045? 

77. Find the cost of 29 acres, at $36.36 per acre. 

78. Find the cost of 17 pairs of skates, at $1.37 a 
pair. 

79. Find the cost of 311 cords of wood, at $7.12 a 
cord. 

80. Find the cost of 914 kegs of butter, each 56 lbs., 
at 12|^ cents per pound. 

81. Find the cost of 96 pounds of beef, at 6^ cents 
per pound. 

82. Find the sum of $171.71, $711.17, $804.05, and 
$206.07. 
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83. How much more will 18 horses cost, at $91 a 
head, than 32 mules, at $45.12 a head? 

84. If 117 cattle cost $14625, what will one animal 
cost? 

85. Find a number which will exactly contain the 
several numbers, 27, 36, 42, 56, 68, and 91. 

86. What number will exactly divide the several 
numbers 297, 351, 405, 486, 567, and 648? 

87. Find the cost of 87 pounds of lard, at 9 cents 
per pound. 

88. Find the cost of 187 pounds of butter, at 15 
cents per pound. 

89. Find the cost of 17 pounds of cheese, at 9 cents 
a pound. 

90. Find the cost of 12 dozen eggs, at 11 cents a 
dozen. 

91. Find the cost of 19 pounds of starch, at 7 eents 
a pound. 

92. Find the cost of 35 pounds of nails, at 6 cents 
a pound. 

93. Find the cost of 53 pounds of coffee, at 34 cents 
a pound. 

94. Find the cost of 29 pounds of tea, at $1.12 cents 
a pound. 

95. Find the cost of 37 pounds of raisins, at 27 cents 
a pound. 

96. Find the cost of 73 pounds of soap, at 11 cents 
a pound. 

97. Find the cost of 33 quarts of milk, at 4 cents a 
quart. 
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98. Find the cost of 77 quarts of cherries, at 9 cents 
a quart. 

99. Find the cost of 92 brooms, at 21 cents apiece. 

100. Find the cost of 21 hats, at $1.87 apiece. 

101. Find the cost of 18 cords of wood, at $4.75 a 
cord. 

102. Find the cost of 81 cords of wood, at $7.45 a 
cord. 

103. Find the cost of 74 acres of ground, at $37.50 
an acre. 

104. Find the cost of 12 farms, at $1127.91 apiece. 

105. Find the cost of 27 suits of clothes, at $11.25 
apiece. 

106. Find the cost of 72 overcoats, at $17.25 apiece. 

107. Mr. A travels at the rate of 12 miles in 2 hours, 
and Mr. B travels at the rate of 15 miles in 5 hours. 
How many miles does A gain on B in 1 hour? 

108. If A and B should travel at these rates for 10 
hours, how much farther would A go than B? 

109. In the above example, the rates of travel re- 
maining the same, how long would it take A to overtake 
B, who is 60 miles ahead ? 

110. If one of two trains has 100 miles the start, 
and moves at the rate of 15 miles an hour, how long 
will a second train, running at the rate of 25 miles an 
hour, be in overtaking it? 

• 111. A man divided 117 cents among 9 boys, giving 
to each the same number of cents ; how many cents 
did each boy get? 

112. A man divided 192 marbles among a certain lot 



Digitized 



by Google 



72 PRACTICAL ABITHMETIC. 

of boys, giving to each boy the same number of mar- 
bles ; how many boys were there ? ^ 

113. Find the number of cents required to pay 18 
boys, if each boy is paid 18 cents. 

114. If 17 men are paid $187 for working a certain 
number of days, how many days did they work? 

115. How much can 28 men earn in 29 days, at $4 
pep day? In what time can 7 boys earn the same 
amount at $2 per day? 

116. At the rate of $51 for 17 days, in how many 
days can 3 men earn $81 ? 

117. At the rate of $42 for 14 days, how many men 
can earn $96 in two days? 

118. How many men can earn $192 in 7 days, if 7 
men earn $14 in 2 days? 

Suggestion. — By the last condition, how mnch does 1 man 
earn in 2 days ? How much in one day ? 

Then, by the first condition, how mach does 1 man earn in 7 
days? 

Finally, how many men will be required to earn $192 in 7 days? 

119. If 1 man. can earn $4 in one week, how many 
dollars can he earn in 10 weeks? 

120. If $1 earns 4 cents in one year, how many cents 
will it earn in 10 years ? 

121. If the use of $1 for one year is worth five cents, 
how many cents is its use worth for 10 years? 

122. If the interest on $1 for one year is 6 cents,' 
what is the interest on $1 for 10 years? 

123. If one man earns $5 in 1 week, how many dol- 
lars can 6 men earn in 10 weeks? 
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124. If $1 earns 6 cents in one year, how many cents 
will $6 earn in 10 years? 

125. If the use of $1 for one year is worth^S cents, 
how many cents is the use of $12 worth for 12 years? 

126. If the interest on $1 for one year is 8 cents, 
what is the interest on $12 for 12 years? 

127. Six men earn $12 in 1 week; how much does 
one man earn in one week? How much in 3 weeks? 
How much do 3 men earn in one week? How much do 
3 men earn in 4 weeks ? 

128. If $6 earn 12 cents in one year, how many cents 
does $1 earn in one year ? How many cents in 3 years ? 
How many cents do $5 earn in one yeav? How many 
cents do $5 earn in 12 years? 

129. If the use of $6 for one year is worth 12 cents, 
how many cents is the use of $18 worth for one year? 
How many cents is the use of $18 worth for 12 years? 

130. Find the interest on $20 for 5 years, if the in- 
terest on $7 for 3 years is 84 cents. 

131. How long will it take 5 men to earn $40, if 1 
man can earn $2 in 1 day? 

132. In how many years will $5 earn 40 cents, if $1 
earns 2 cents in one year? 

133. In how many years will $7 earn 21 cents, if $1 
earns 3 cents in one year? 

134. In how many days can 7 men earn $84, if 3 
men earn $24 in 2 days? 

135. In how many years will $7 earn 84 cents, if $3 
earn 24 cents in 2 years? 

136. Find the Greatest Common Divisor of 1728, 
1844, and 2026. 
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137. Find the Least Common Multiple of 108, 208, 
828, and 882, by factoring. 

138. Find the Least Common Multiple of 8, 12, 15, 
18, 21, 27, 32, 42, 51, and 91. 

139. If you multiply any number by 4, and then 
divide the product thus found by 2, will the result be 
greater, or less, than the original number? 

140. If you multiply any number by 8, and divide 
the product thus found by 7, will the result be greater, 
or less, than the original number? 

141. Find the cost of 32 dozen eggs, at 12^ cents a 
dozen. 

142. Find the cost of 42 arithmetics, at 16| cents 
apiece. 

143. Find the cost of 112 arithmetics, at 16| cents 
apiece. 

144. Find the cost of 10 grammars, at 20 cents 
apiece. 

145. Find the cost of 12 grammars, at 25 cents 
apiece. 

146. Find the cost of 30 philosophies, at 33| cents 
apiece. 

147. Find the cost of 88 horses, at $125 a head. 

148. Find the cost of 64 horses, at $125 a head. 
Use cancellation in the following : 

149. Multiply 24, 36, 48, and divide by 18 X 12 X 6. 

150. Divide 56 X 65 X 81 by 27 X 13 X 8 X 5. 

151. Divide 100 X 96 X 84 X 48 by 24 X 14 X 16 X 
25. 

152. Divide 250 X 1000 X 125 by 8 X 40 X 50. 
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COMMOX FRACTIONS. 

101. A unit or any single thing, or several units 
considered as a single thing, may be divided into any 
number of equal parts. 

102. When any thing is divided into two equal parts, 
each part is one-half of the whole thing, and is called 
a fractional part of the whole. This fraction is ex- 
pressed thus: |. The whole thing thus divided is 
expressed thus : |, which is equal to 1 unit. 

How many halves are there in 1 unit? 
How many halves are there in 2 units ? 
How many halves are there in 3 units ? 
How many halves are there in 10 units? 

103. When any thing is divided into three equal 
parts, each part is one-third of the whole thing, and two 
of these equal parts are two-thirds of the whole thing. 
The^e fractions are expressed thus : ^9 |. The whole 
thing thus divided is written thus : |, which is equal 
to 1 unit. 

How many thirds are there in 1 unit? 
How many thirds are there in 2 units? 
How many thirds are there in 3 units? 
How many thirds are there in 10 units? 

104. When any thing is divided into four equal parts, 
each part is one-fourth of the whole thing. Two of 
these equal parts are two-fourths of the whole thing. 
Three of these equal parts are three-fourths of the 
whole thing. 
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These fractions are expressed thus : ^, I, ^. The 
whole thingr thus divided is written thus : |, which is 
equal to 1 unit. 

How many fourths are there in 1 unit? 

How many fourths are there in 2 units? 

How many fourths are there in 3 units? 

How many fourths are there in 10 units? 

105. A fraction is an expression of one or more than 
one of the equal parts into which any thing is divided. 

There are two kinds of fractions. 

a. Common Fractions. 

b. [Decimal Fractions. 

106. A common fraction is a fraction which has 
both of its terms expressed. 

107. The terms of a fraction are its numerator and 
denominator. 

108. The denominator of a fraction is the number 
written below the line. It shows the number of equal 
parts the unit is divided into. 

109. The numerator of a fraction is the number 
written above the line. It shows the number of parts 
considered. 

110. A decimal fraction is a fraction whose denom- 
inator is lO or some power of 10, not written, but 
understood. 

There are three classes of common fractions. 
a. Simple fractions; as, ^, |, |^. 
6. Compound fractions ; as, ^ of | of |. 

c. Complex fractions ; as, f > — L, _!.. 



Digitized 



by Google 



EXERCISES IN FRACTIONS. 77 

111. A simple fraction is a fraction both terms of 
which are integers ; as, |^, J, 4. 

112. A componnd fraction is a fraction of a frac- 
tion; as, 1^ of 4 of |. 

113. A complex fraction is a fraction which has a 

fraction in one or both of its terms; as, ^rr-' 2"' "T"' 

114. There are two classes of simple fractions. 

a. Proper fractions ; as, |, |. 

b. Improper fractions ; as, ^, |. 

116. A proper fraction is a fraction whose numera- 
tor is less than its denominator ; as, |, ^. 

116. An improper fraction is a fraction whose 
numerator is equal to, or grreater than, its denomi- 
nator; as, |, |. 

117. A mixed number is a whole number and a 
fraction united in a single expression ; as, 2^, 3^, 4^. 

EXERCISES IN FRACTIONS. 

1. What is 1 of 1? 6. What is f of 2? 

2. What is I of 2? 7. What is | of 3? 

3. What is {. of 3? 8. What is * of 4? 

4. What is I of 4? 9. What is | of 5? 

5. What is ^ of 5? 10. What is « of 6? 

Analysis of Example 6. — Since | of 2 is the same as ) 
of 1, I of 2 must be twice f of 1, which is | of 1. 

118. To reduce a whole or mixed number to an 
improper fraction. 

1. How many thirds in 1 unit? 

2. How many thirds in 1^ units? 
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3. How many thirds in 1| units? 

4. How many thirds in 2^ units? 

5. How many thirds in 3| units? 

Analysis of Example 5. — Since there are J in 1 unit, 
there must be 8 times }, or { in 3 units, and in 8f there must be | -f }, 
ory. 

Write a rule /or this case. 

Reduce the following to improper fractions : 

1. 21. 5. 6^. 

2. 31. 6. 7|. 

3. 41. 7. 8^. 

4. 5}. 8. 9|. 

119. To find a fractional part of a number. 

1. Find ^ of 2 ; of 4 ; of 6 ; of 8 ; of 10 ; of 16. 

2. Find ^ of 3 ; of 6 ; of 9 ;*of 12 ; of 18 ; of 15. 

3. Find ^ of 4 ; of 8 ; of 12 ; of 20 ; of 1j6 ; of 24. 

4. Find | of 3 ; of 9 ; of 6 ; of 15 ; of 18 ; of 12. 

5. Find|of24; of 16; of 20; of 12 ; of 8 ; of 40. 

120. To find a number from one or more of its 
fractional parts. 

1. 2 is J of what number? Ana. 4. 

2. 3 is ^ of what number? Ans. 9. 

3. 4 is 1^ of what number? Ans. 16. 

4. 5 is ^ of what number? Ans. 25. 

5. 4 is I of what number? Ans. 6. 

6. 10 is I of what number? Ans. 15. 

Analysis of Example 5. —If 4 is} of some number, } of 
that number must be } of 4, which is 2. Since 2 is | of the number 
required, the whole of that number is 3 times 2, which is 6. 
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7. 12 is I of what number? Ans. 16. 

8. 12 is I of what number? 

9. 12 is I of what number? 

10. ^ of 12 is I of what number? 

11. f of 12 is I of what number? Ans. 10. 

Suggestion. — The above and aU similar examples afford an 
excellent drill for the purpose of fixing in the mind of the pupil the 
Tarious logical relations which numbers sustain to each other. 
Giying the abstract answer in questions similar to the above, is an 
excellent test of a pupil's knowledge of these relations. Thus, in 
the eleventh example, } of 12 is | of that number i of which is )- of 
2 times \ of 12. 

12. 1^ of 10 is I of how many times 3? 

13. I of 21 is I of how many times 5? 

14. I of 20 is 4 of how many times | of 9 ? Ans. 3. 

15. 1^ of 25 is 4 of how many times ^ of 12? 

16. I of I of 24 is j\ of how many times | of 33? 

121. To change balves to fourths. 

1. How many fourths in |? 

Analysis. — In 1 unit there are |. Hence, in } a unit there are 
only}. 

2. How many fourths in f ? In p In |i? 

3. How many fourths in | ? In | ? In | ? 

122. To change fourths to eighths. 

1. How many eighths in :^? 

Analysis. — In 1 unit there are f . Hence, in ^ of a unit there 
are only }. 

2. How many eighths in|? In|? In|? 

3. How many eighths in |? In |? In |? 
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123. To change thirds to sixths, or ninths. 

1. How many sixths in ^? 

2. How many ninths in |? 

ANALYSIS. 

a. In 1 unit there are |. Hence, in J of a nnit there are only |. 
6. In 1 unit there are f . Hence, in i of a unit there are only |. 
In f of a unit there are 2 times f , which is f . 

Suggestion. — The preceding and similar exercises should be 
continued until pupils become thoroughly familiar with the process, 
and with the principle on which the process depends. 

124. To find the number of units in any number 
of halves, thirds, or fourths. 

1. How many units in ^ ? 

2. How many units in y ? 

3. How many units in ^^ ? 

ANALYSIS. 

a. In a given number of units there are twice as many halves as 
units. Hence, in a given number of halves there are only J as many 
units as there are halves. Then, in y there are only 6 units. 

6. In a given number of units there are three times as many thirds 
as units. Hence, in a given number of thirds there are only ^ as 
many units as there are thirds. Then, in ^' there are only 4 units. 

c. In a given number of units there are four times as many fourths 
as there are units. Hence, in a given number of fourths there are 
only J- as many units as there are fourths. Then, in y- there are 
only 4 units. 

Change the following fractions to whole numbers : 

1 1 

14 

7 • 

15 
T • 
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4. 


12 
■ff • 


7. |. 


10. 
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13 
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8. V- 
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14 


3. V- 
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15 
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125. a. Wnte a imle for changing whole or mixed 
numbers to improper fractions. 

b. Write a rule for changing improper fractions to 
whole numbers, 

MISCELLANEOUS EXAMPLES IN REVIEW. 

1. How many halves in 3 units? 

2. How many thirds in 2 units? 

3. How many units in 12 halves? 

4. How many units in y ? 

5. How many twelfths in |? 

6. How many tenths in |^? 

7. How many halves in 4^? 

8. Change 7| to an improper fraction. 

9. Change y to a whole number. 

10. Change y to a mixed number. 

11. 9 is ^ of what number? 

12. 8 is I of what number? 

13. 1^ of 25 is ^J of how many times | of 6? 

14. In 1 apple how many fourths of an apple? 

15. How many thirds of an apple in 3 apples? 

16. In y of an orange how many oranges? 

17. In I of an apple how many twelfths of an apple ? 

18. Three boys share 6 oranges equally. How many 
oranges does each boy get ? How many do 2 boys get ? 

19. A barrel of flour is divided equally among 7 per- 
sons. What part of the whole do 5 persons get? 

20. If 5 men earn a certain sum of money, what 
part of the whole sum do 3 men earn? 

21. llj is ^ of what number? Ans. 23. 
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22. Find | of 14 ; of 21 ; of 28 ; of 4|. 

23. A farmer had 65 bushels of wheat, and sold f of 
it ; how many bushels had he left? Ans. 26. 

24. A has 4 as many dollars as B. If A has $15, 
how much more money has B than A? 

25. John and James have together 78 cents ; § of 
their money is 4 times the number of cents John has ; 
how many more cents has James than John ? 

Ans. 52 cents. 

Note. — A thorough knowledge of the following six principles is 
necessary to a tJiorough knowledge of fractions. 

First Principle. 

126. Mvltiplying the numerator of a fraction by any 
whole number multiplies the value of the fraction as 
many times as there are units in the multiplier, 

DEMONSTRATION. 

Multiplying the numerator of a fraction increases 
the number of parts taJcen^ while the size of those parts 
expressed by the denominator remains unchanged. 

Second Principle. 

127. Dividing the numerator of a fraction by a whole 
number divides the value of the fraction as many times 
as there are units in the divisor, 

DEMONSTRATION . 

Dividing the numerator of a fraction reduces the 
number of parts taken ^ while the size of those parts 
expressed by the denominator remains unchanged. 
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Third Principle. 

128. Mvltiplying the denominator of a fraction by a 
whole number divides the value of the fraction as many 
times as there are units in the multiplier, 

DEMONSTRATION. 

Multiplying the denominator of a fraction dimin- 
ishes the size of the parts^ while the number of parts 
expressed by the numerator remains unchanged. 

Fourth Principle. 

129. Dividing the denominator of a fraction by a 
whole number multiplies the value of the fraction as 
many times as there are units in the divisor. 

DEMONSTRATION. 

Dividing the denominator of a fraction increases 
the size of the parts^ while the number of parts ex- 
pressed by the numerator remains tcnchanged. 

Fifth Principle. 

130. Multiplying both terms of a fraction by the 
same number does not change its value, 

DEMONSTRATION. 

Multiplying the numerator multiplies the value of the 
fraction as many times as multiplying the denominator 
divides the fraction, Hence^ the value of the fraction 
remains unchanged. 



Digitized 



by Google 



84 PBAGTICAL AKITHMETIC. 

Sixth Principle. 

131. Dividing both terms of a fraction by the same 
number does not change its value. 

DEMONSTRATION . 

Dividing the numerator divides the value of thefrac^ 
tion as many times as dividing the denominator mtdti- 
plies it, HencCj the value of the fraction remains 
unchanged. 

BEVIEW. 

1. What effect on the value of a fraction has multi- 
plying its numerator? Why? 

2. What effect on the value of a fraction has multi- 
plying the denominator? Why? 

3. What effect on the value of a fraction has divid- 
ing the numerator? Why? 

4. What effect on the value of a fraction has divid- 
ing the denominator? Why? 

5. What effect on the value of a fraction has multi- 
plying both terms by the same number? Why? 

6. What effect on the value of a fraction has divid- 
ing both terms by the same number? Why? 

EXAMPLES. 

Multiply the numerator of each of the following 
fractions by 2, and explain the result : 

18 4.6 72 10* 

94 57 ft8 11 4 

O* -r. 0» w* t/« y* XiU* TT* 
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Multiply the denominator of each of the following 
fractions by 2, and explain the result : 

12 4.8 76 10 8 

2. |. 5. *. 8. |. 11. i. 

3. *. 6. f 9. f 12. f. 

Divide the numerator of each of the following frac- 
tions by 3, and explain the result : 

18 A a 7 8 10 15 

96 ^9 R i 1118 

Q9 fil2 Q« 1921 

Divide the denominator of each of the following 
fractions by 4, and explain the result : 

16 4. 16 7 24 10 5 

o« '^is 880 117 

Q12 fil6 QIO 199 

Multiply both terms of each of the following frac- 
tions by 6, and explain the result : 

1. f 4. l 7. |. 10. |. 

2. ^. 5. f 8. f. 11. |. 

3. |. 6. f 9. 4. 12. |. 

Divide both terms of each of the following fractions 
by 3, and explain the result : 

18 4. 12 7 21 10 80 

96 5I6 «24 1183 

Q9 fil8 027 198« 

132. The first and fourth principles furnish the rule 
for multiplying: a fraction by an integer. 

The second and third principles furnish the rule for 
dlTidingr a fraction by an integer. 
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The fifth principle furnishes the rule for changring: a 
given fraction to an equivalent fraction of a given 
denominator. 

The fifth principle also furnishes a rule for reducing 
a given fraction to lower terms. 

* The sixth principle furnishes the rule for changing 
complex to simple fractions. 



REDUCTION OF FRACTIONS. 

133. Reduction of fractions consists in changing 
their form without changing their value. 

a. Fractions may be reduced to lower terms, 

b. Compound fractions may be reduced to simple 
ones. 

c. A whole or mixed number may be reduced to an 
improper fraction, 

d. Improper fractions may be reduced to whole or 
mixed numbers, 

e. Fractions may be reduced to equivalent fractions 
having a given denominator, 

f. Complex fractions may be reduced to simple ones. 

g. Fractions may be reduced to equivalent fractions 
having a common denominator. 

Case I. 

134. A fraction is in its lowest terms when its nu- 
merator and denominator are prime to each other; 

OQ 2 8 16 
afc>» TS9 T> XT' 
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135. When the terms of a fraction have a common 
factor, the fraction may be reduced to lower terms 
by cancelling the common factor. (Sixth Principle. ) 

136. To reduce a fraction to its lowest terms. 

Example. — Reduce -f^^ to its lowest terms. 

91 TV 13 
Solution. — _== jg^^ ; cancelling the common factor 13, 

we get ^ as the value of -^ reduced to its lowest terms. 

Rule. — Divide both terms of the fraction by their 
greatest common divisor. (Sixth Principle.) 

Reduce the following fractions to their lowest terms : 

1. 

2. 

3. 

4. 

5. 

6. 

Note. — Many operations in fractions may be greatly simplified 
by first reducing the fractions to their lowest terms. This reduc- 
tion may usually be effected by simple inspection. 

Case II. 

137. To reduce compound fractions to simple ones. 

Example. — Reduce | of | to a simple fraction. 

Solution. — First. ^ of J = j\. 

Second. ^oiA =2 times tV= i^- 
Third. | of f = 3 time^ j% = j\. 

Rule. — Multiply the numerators together for a new 
numerator, and the denominators for a new denomina- 
tor. 



2 


7. 


s 


13. \n- 


l. 


8. 


A- 


14. If 


6 


9. 


1 


15. tVtV 


9 


10. 


A- 


16. «»». 


12 


11. 


10 


17 171492 


tV- 


12. 


1 5 


1ft 118950 
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Example. — Reduce f of | of | to a simple fraction. 

Solution. — The product of the numerators is 2X3X5= 30. 
The product of the denominators is 3 X 4 X 6 = 72. 
Therefore, f of J of | =f g, or x'l- 

Reduce the following compound fractions to simple 
ones, and reduce to lowest terms : 



1. 


^of|of|. 


8. 


4of4of e. 


2. 


T of 1 of 4. 


9. 


loffoff 


3. 


i of * of |. 


10. 


•of Jof|. 


4. 


i of 4 of «. 


11. 


II of if of If. 


5. 


^ of 1 of |. 


12. 


VVof4iof||of|«. 


6. 


|of|of *. 


13. 


f of 1 of 4 of T-V of i 


7. 


1 of * of |. 


14. 


if of n of U of A- 




15. 


1 of ^ of 


t't of l^ 



16. John has $^, and James has | as much ; what 
part of a dollar has James ? 

17. An orange cost f of a dime; how many cents 
are | of an orange worth ? 

18. Moses had | of ^ of $1, and his brother had ^ 
as much money ; how many cents had his brother? 

19. If a hat is worth $5^, and a pair of shoes are 
worth ^ as much as the hat, what is the value of the 
shoes ? 

20. A carriage cost ^ of $100, and a horse f as much, 
what was the value of the horse ? 

Case III. 

188. To reduce a whole or mixed number to an im- 
proper fraction. 



Digitized 



by Google 



REDUCTION OF FRACTIONS. 89 

Rule. — Multiply the whole number by the denomi- 
nator of the fraction^ to the product add the numera- 
tor^ and write the result over the denominator. (Art. 
118.) 

Reduce the following whole or mixed numbers to 
improper fractions : 

1. Reduce 2\ to halves. 

2. Reduce 3^ to thirds. 

3. Reduce 7^ to fourths. 

4. Reduce 13^ to fifths. 

5. Reduce 101| to ninths. 

6. How many twelfths in 27^^? 

7. How many twelfths in 201^^^^? 

8. How many fifteenths in 15? 

9. How many sixteenths in 16? 
10. How many fifteenths in 16? 

11. A has $6|y and B has ^ as much. How many 
thirds of a dollar has B? How many sixths of a dol- 
lar? 

12. A ball cost 5^ cents, and a top J as much. How 
many fourths of a cent did the top cost? How many 
halves of a cent? 

13. A farm cost $1001^, and a house ^ as much. 
How many fifths, and how many tenths, of a dollar did 
the house cost? 

Case IV. 

139* To reduce an improper fraction to a whole 
or mixed number. 
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89 


5. 


n- 


9. 


vvv 


^■ 


6. 


U' 


10. 


Hf^ 


*in'. 


7. 


12 746815 


11. 


HI* 


'HP- 


8. 


Hunu- 


12. 


ill* 



90 PRACTICAIi ARITHMETIC. 

Rule. — Divide the numerator by the denominator^ 
and write the remainder ^ if any^ over the denominator. 
(Art. 124.) 

Reduce to whole or mixed numbers : 



2. 



Case V. 
140. To reduce fractions to equivalent fractions 
having a griven denominator. 

Example* — Reduce \ to sixteenths. 
Solution. —By Fifth Principle. 

iXf = il, since 16--8 = 2. 

Rule. — Divide the given denominator by the de- 
nominator of the given fraction, multiply the numerator 
by the quotient, and write the result over the given de- 
nominator. 

Reduce the following fractions to fourths : 

1. 1. 5. 4|. 9. 121. 13, 391, 17, 

2. l\. 6. b\. 10. 15^. 14. 50^. 18. 



3. 2^. 7. 61. 11. 18^. 15. lb\. 19. 

4. 31. 8. 91. 12. 201. 16. 1011. 20. 
Reduce the following fractions to eighths : 

1. \. 5. 11. 9. 3. 13. ^. 17. 

2. f 6. H. 10. 4f 14. 11^. 18. 

3. |. 7. If. 11. 5|. 15. 15«. 19. 

4. |. 8. 2. 12. 6^. 16. 18|. 20. 



112^. 

133^. 




166^. 
175^. 




2H. 

31|. 
41|. 
61^. 
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1. 


1 
■ff- 


6. 


A- 


11. 


f 


2. 


1 


7. 


4 


12. 


12 


3. 


2 


8. 


A- 


13. 


f 


4. 


h 


9. 


A- 


14. 


6 


5. 


s 

T 


10. 


xo 

TT- 


15. 


I 

T 
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Reduce the following fractions to twenty-firsts : 

16. lO^V. 

17. 16t\. 

18. 33. 

19. 44. 

20. 55. 



Case VI. 

141. To reduce complex fractions to simple ones. 

21 
Example. — Reduce -^ to sl simple fraction. 

Solution. — Every complex fraction may be reduced to a sim- 

21 2i 6 14 

pie one by Principle 6. Hence, -g-J is the same as ^y X-jj = gl' ^^ ^' 

Rule. — Multiply both terms of the complex fraction 
by the least common multiple of the denominators of 
the fractions composing its tei^ms. 

Reduce the following complex fractions to simple 
ones, and to their lowest terms : 



2. 1. 5. 1. 8. _ 

1 1 91 

12 9 

3. 1. 6. I.. 9. L 



1 




2 


T 


4. 


T 


1 * 




1 


IT 




7 


1 




2 


¥ 


5. 


■ff 


1 ' 




1 


¥ 




T 


1 




2 


7 


6. 


7 


2 ' 




8 


7 




T 



2^ 


10. 


3i 
2 


3 


11. 


3i 

21 


2 


12. 


21 
31 
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13. 



14. 



n 




12| 




8 


3^ 


15. 


16| 


17. 


25^ 


H' 




20|' 




8 


H 




25^ 




25^ 


6| 




25^ 




100 


a 


16. 


8 


18. 


1 


H 




» 




1 
5- 


6| 




25^ 




100 




Case VH. 







142. To reduce fractions to equivalent fractions 
having a common denominator. 

Example. — Reduce ^, .J, ^, ^, and y\- to equivalent 
fractions having a given denominator. 

Solution* — Since 24 is a multiple of the deuominators of the 
given fractions, tiiey may be reduced to equivalent fractions having 
24 for their common denominator. Hence, by Principle 5, we And 
that — 

iXll=i|, since 24-.2 =12. 

• iXf =A, since 24-1-3 =8. 

4X1 =/f, since 24--6 =4. 

4X1 =A, since 24--8 =3. 

AX I =A» since 24 -.12 = 2. 

Reduce the following fractions to equivalent frac- 
tions having a common denominator : 
1 1111 1 

■"■• T' T' J^ TIT' "ffy 
9 1 1 1 1 1 

Q 11111 1 

^ 6 nf 8 nf 1 6 2 ^f 6 ^f 2 7 

o. 7 01 If 01 j-^, ^ 01 j-g^ 01 Y^. 

6 24 86 48 60 72 84 96 
• TB"' T?» TTT? 7T' TT' TT> XT' 
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ADDITION OF FRACTIONS. 93 

ADDITION OF FRACTIONS. 

143. Addition of fractions consists in finding: the 
sum of two or more fractions. 

144. a. To add fractions they must be reduced to 
equivalent fractions having a common denominator, 

unless they already have a common denominator. 

6. Mixed numbers may be added without being 
reduced to improper fractions, by adding the integral 
parts and fractional parts separately. 

Example. — a. Find the sum of J, ^, |, ^, and -^j. 

Solution. — Since 24 is a multiple of the denominators of the 
given fractions, they may be reduced to equivalent fractions having 
24 for their common denominator. Hence, by Principle 6, we find 
that — 

iXil = 4i, since 24 --2 =12. 
iXI =1^1, since 24-- 3 = 8. 
iXt =ii*f, since 24-- 6= 4. 
IXf ==^j, since 24 -5-8 = 3. 
AXf =A, since 24 -5- 12 = 2. 
if + A + A + A + i?¥=ff» orl,5j, Ans. 
Rule. — a. Reduce the fractions to equivalent frac- 
tions having a common denominator. 

b. Add the numerators and write their sum over the 
common denominator. 
Find the sum 

1 Of 8 4 8 jinri 5 

2. Of 2|, 3|, 4|, and 3|. 

3. Of 5, I, 7^, |, and 27|. 

4. Of 211 , 31^^ 41^^ and 51f 

5. Of 12|, 13|, 14|, 15|, and 16. 

6. Of 202^, 303|., 404|, and bQb\. 
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94 PRACTICAL ARITHMETIC. 

7. John has $|, James ^ as much, George f as much, 
Henry | as much as John. How much money have 
all together? 

8. A man has 20| acres in one field, 40^ acres in 
another, | as many acres in a third as in the other two ; 
how many has he altogether? 

9. One-half of John's money equals I of William's, 
and I of William's money equals ^ of Henry's. How 
many dollars has each, and how many have all, if |. of 
John's money is $48^? 

10. Add 72| acres, 27^ acres, 32^ acres, 51| acres, 
21^ acres. 

SUBTRACTION OF FRACTIONS. 

145. Subtraction of fractions consists in findings 
the difference between two fractions. 

146. a. To find the difference between two frac- 
tions they must be reduced to equivalent fractions 
bavingr a common denominator, unless they already 
have a common denominator, 

5. The difference between two mixed numbers 
may be found without reducing: them to improper 
fractions. 

example. — a. From ^ take ^. 

Solution. — Since 6 is a multiple of the denominators of the 
given fractions, they may be reduced to equivalent fractions having 
6 for their common denominator. Hence we find by Principle 6 : 
iXI==l» sinceG-H2=3. 
iXi=|, since6--3 = 2. 
i-J=i. Ans. 
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Rule. — a. Reduce the given fractions to equivalent 
fractions having a common denominator. 

b. Find the difference between their numerators^ and 
write the result over the common denominator. 

1. From I take |. 6. From y take y . 

2. From | take |. 7. From V take |f 

3. From ^ take ■^^. 8. From 2^ take \\. 

4. From ^^ take ^. 9. From lb\\ take 14y\-. 

5. From ^^ take V^. 10. From ^^\ take |^|. 

11. From 4 of I of ^ take ^ of | of |. 

12. From ^ of ^^ of |J take ^- of ^ of \. 

13. From ^ of j of | take ^ of | of ^^. 

14. From ^^ of tV of tV ^^^^ tt of tt of tV- 

15. From | of ^^ of »f take « ^ of ^V of i- 



16. One boy has ^ of | of $1, and another boy has 
1^ of I of $1. How much has one more than the other? 

17. A has I 6f $1, B has y\ of $2, C has 4 of $1, 
and D has | of | of $3. How many more cents have 
A and D together than B and C ? 

18. How much greater is | of || than | of ||? 

19. To the difference between ||- and yVy add the 
difference between \^\ and \^\. 

20. From |4 plus yYir ^^® ^^^ difference between 

108 «inrl 2 04 
TTT ^"^ TTTT- 



MULTIPLICATION OF FRACTIONS. 

147. Multiplication of fractions consists in repeat- 
ing: a fraction as many times, or parts of a time, as 
there are units, or parts of a unit, in the multiplier. 
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a. A fraction may be multiplied by an integer, 

b. An integer may be multiplied by a fraction. 

c. A fraction may be multiplied by a fraction. 

Case I. 



148. To multiply a fraction by an integrer. 

Principles 1 and 4 give the following 

KuLE. — a. Multiply the numerator of the fraction 
by the integer; or, 

b. Divide the denominator of the fraction by the 
integer. 



1. 
2. 
3. 
4. 
5. 

1. 
2. 
3. 

.4. 

1. 
2. 
3. 
4. 
5. 



MULTIPLY 
8 
12 

I 6 

18 
T7 
20 

MULTIPLY 

24 

"5" 5" 

II by 12. 

ki by 13. 



by 2. 
by 3. 
by 4. 
by 9. 
by 5. 



by 8. 



by 13. 

MULTIPLY 

by 3. 

by 8. 
by 6. 
by 12. 
21| by 10. 



9| 



6. 
7. 
8. 
9. 
10. 

5. 
6. 

7. 
8. 

6. 
7. 
8. 
9. 
10, 



MULTIPLY 



42 



42 
TTT 
42 
TTT 
61 

67 



by 7. 
by 14. 
by 21. 
by 3. 
by 3. 



MULTIPLY 



41 

78 
TT 
92 
T7 
46 



by 17. 
by 16. 
by 13. 
by 18. 

MULTIPLY 



201| 

3111 
3211 

4.641 



by 8. 
by 4. 
by 212. 
by 2. 
by 6. 



MULTIPLY 

11. I'^by 2. 

12. 11^ by 11. 

13. Ufbyll. 

14. iUbyi2. 

15. ^|byl3. 



MULTIPLY 



10. 
11. 
12. 



101 

ITT 

202 

T5T7 

too 

Tff¥ 

1414 

TT¥y 



11. 

12. 
13. 
14. 
15. 



by 101. 
by 303. 
by 111. 
by 14. 

MULTIPLY 

131 by 13. 
14j«y by 14. 
27|J by 18. 
36* ». by 13. 
17|i by 12. 
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Case II. 

149. To multiply an integrer by a fraction. 

To multiply an integer by a fraction consists in 
taking a fractional part of the integer : thus, 3 multi- 
plied by I is the same as | of 3, which is |, or 11. 
Hence, 

Rule. — a. Multiply the integer* by the numerator j 
and write the result over the denominator; or, 

b. Divide the integer by the denominator ^ and multi- 
ply the quotient by the numerator. 





MULTIPLY (a.) 




MULTIPLV (b.) 


1. 


2by |. 


11. 


6by h 


2. 


5 by |. 


12. 


10 by f 


3. 


7 by f 


13. 


12 by |. 


4. 


9 by |. 


14. 


21 by ». 


5. 


11 by |. 


15. 


51 by A. 


6. 


14 by |. 


16. 


39 by A- 


7. 


27 by A. 


17. 


91 by A. 


8. 


41 by f 


18. 


104 by A- 


9. 


81 by A- 


19. 


64byA. 


10. 


100 by A- 


20. 


58 by A- 



Case HI. 

150. To multiply a fraction by a fraction. 

example. — Multiply | by |. 

Solution.— 1X1 = 1; fXi=iof I, orA; 
}X}=3timesJof f, orA- 
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BuLE. — Mxdtiply the numeratora of all the several 
fractions together for a new numei*atory and the de- 
nominators for a new denominator. 

Sunestion. — The work may be often abbreviated by indicat- 
ing the multiplication and cancelling the common factors in the 
numerator and denominator. 



MULTIPLY 



MULTIPLY 



1. 


|by 


6 


11. 


Hby 


H- 


2. 


IV 


A- 


12. 


Hby 


11- 


3. 


Hby 


i^ 


13. 


«by 


18 
3fT* 


4. 


Aby 


21 
77 • 


14. 


nby 


U- 


5. 


Uby 


11 
Tlf 


15. 


nfby 


fl^l- 


6. 


^by 


A- 


16. 


14^ by 


108 


7. 


liby 


2 


17. 


Uby 


91 
77* 


8. 


Uby 


4 


18. 


n|by 


1012 


9. 


W^J 


5 


19. 


Uby 


fif 


0. 


iUby. 


m- 


20. 


fUllbyA*:^', 








Case IV. 







151. To nmltiply a mixed nmaber by a mixed 
nnm^ber. 

Example. — Multiply 12| by 12|. 

Solution. — 12 X 12 = 144 ; First partial product. 
12 X f = 9 ; Second partial product. 

JX12= 9; Third partial product. 

IX 1= A» Fourth partial product. 
Hence, 12}X12t=1623^. 
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MULTIPLY MULTIPLY 



1. 


Hhy 21. 


9. 


16|by 16f 


2. 


H^y 3^ 


10. 


15|by 15|, 


3. 


3Jby 4^ 


11. 


18|by 18|, 


4. 


Hby 41. 


12. 


21|by 23|, 


5. 


HV 4». 


13. 


27fby 17|. 


6. 


4|by 4^. 


14. 


701^ by 107|. 


7. 


12| by 12|. 


15. 


4072 hy 704|. 


8. 


12| by 12|. 


16. 


219^ by 921|. 



17. A man walks 3^ miles in one hour ; how many 
miles can he walk in 7^ hours ? 

18. A farm containing 7^ acres cost $311^; how 
much is a similar farm containing 4^ times as many 
acres worth? • 

19. A vessel sailed 13^ miles in one hour ; at the 
same rate, how many miles would it sail in 13^ hours? 

20. At 16| cents a pound, what will 16| pounds of 
butter cost? 



DIVISION OP FRACTIONS. 

152. Division of fractions consists in finding how 
many times, or parts of a time, one fraction is con- 
tained in another. 

a. A fraction may he divided by a whole number. 

b. A whole number may be divided by a fraction. 

c. A fraction may be divided by a fraction. 



Digitized 



by Google 



100 PBACTICAL ABITHMETIC. 

Case I. 
153. To divide a fraction by an integer. 

Rule. — a. Divide the numerator of the fraction 
by the integer. (Principle 3.) 

b. Multiply the denominator by the integer. (Prin- 
ciple 2.) 

1. Divide * by 2. 6. Divide |^ by 9. 

2. Divide fj by 5. 7. Divide |^ by 13. 

3. Divide |^ by 7. 8. Divide |4 by 3. 

4. Divide |^ by 17. 9. Divice |4 by 4. 

5. Divide »| by 19. 10. Divide || by 7. 



Case II. 

154. To divide an integer by a fraction. 

Example. — Divide 9 by |. 

Solution.— 9 -j^ 1=9; 9-f-J = 3X9, or27; then 9 -*- J = J of 
3X9, or ^^^ = 13^. Ans. 

Rule. — a. Multiply the integer by the denominator 
of the fraction 9 and divide the product by the numera- 
tor; or, — 

b. Divide the integer by the numerator of the 
fraction^ and multiply the quotient by the denam- 
inator. 
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1. 


Divide 4 by |. 


11. 


Divide 


51 by 


2. 


Divide 8 by ^. 


12. 


Divide 


57 by 


3. 


Divide 10 by ^. 


13. 


Divide 


68 by 


4. 


Divide 12 by j\. 


14. 


Divide 


45 by 


5. 


Divide 14 by |. 


15. 


Divide 


28 by 


6. 


Divide 15 by |. 


16. 


Divide 


91 by 


7. 


Divide 6 by |. 


17. 


Divide 


104 by 


8. 


Divide 20 by j\. 


18. 


Divide 


101 by 


9. 


Divide 21 by j\. 


19. 


Divide 1111 by 


10. 


Divide 21 by ^f 


.20. 


Divide 


222 by 




Case HI 







1 9 

1 7 
JJ' 
1 5 
TS* 
14 

1 8 

TZ' 

52 

10 1 

T2r • 

1 01 

111 
TTy 



155. To divide a fraction by a fraction. 

Example. — Divide | by 4. 

Solution.— i-f-l = i; f-5-J = ^>^, or y; 

i^i^i of ^=g|. or |8, or A. An8. 

Rule. — Invert the divisor and proceed as in mvlti- 
plication of fractions. 



1. Divide 

2. Divide 
Divide 
Divide 
Divide 
Divide 
Divide 
Divide 



fby 
|by 

|by 
I by 

A by 
|by 
|by 

Uby 



8 
T* 

2 

7* 

5 

4 

5 

6 

T- 

6 

7* 
22 
Tff- 



9. Divide 

10. Divide 

11. Divide 

12. Divide 

13. Dfvide 

14. Divide 

15. Divide 

16. Divide 



1 


by 


1 
7 


2^ 


by 


n 


H 


by 


5f 


H 


by 


4i 


7tV 


by7|, 


9tV 


by 


8i. 


vv 


by 


12 
77' 


49 
7T 


by 


14 
XT' 
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DIVIDE DIVIDE 



17. ^ by |. 


25. 


291J by 192» . 


18. II by ^\. 


26. 


74H by 147^. 


19. Vby /t- 


27. 


924^ by 'ff». 


20. 21|by 6jij.. 


28. 


81|by 91|. 


21. 17|by 9tV- 


29. 


91|by 81|. 


22. VW by i*. 


30. 


(211^6^) by (6|^2H.) 


23. 210| by 120|. 


31. 


298| by 297*. 


24. 401^ by 104|. 


32. 


425| by 426|. 


156. To find wliat part 


one fraction is of another. 


Bxamole. — i is v 


rhat Di 


irt of i? 



Solution.— a. i = f; J=|; 

h. i is J of I, andfisiof f 
Therefore, J is f of J. 

Rule. — Reduce the fractions to be compared to 
equivalent fractions having a common denominator^ 
and compare the numerators. 

1. 1^ is what part of ^? 

2. ^ is what part of |? 

3. I is what part of |? 

4. f is what part of |? 

5. |. is what part of f ? 

6. I is what part of |? , 

7. 1^ is what part of 2^? 

8. 2^ is what part of 3^? 

9. 4^ is what part of 12 «? 

10. I of I is what part of ^^ of ^^? 

11. 18| is what part of 3^^? 
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12. 1501^ is what part of 3002|? 

13. JL^LlI is what part of I_?Lil9 
TVof5^ iof5i- 



GENERAL REVIEW, 

1. What fraction added to | will make f ? 

2. What fraction taken from ^ will make |? 

3. What fraction multiplied by J gives |? 

4. What fraction divided by ^j gives |j? 

5. ^ is what part of 2? 

6. 2 is what part of 3? 

7. 3 is ^ of what number? 

8. J of 6 is j^ of what number? 

9. I of I of 36 is 2 of what number? 

10. 3 times | of 20 is how many times 2? 

11. ^ of 27 is what part of | of 30? 

12. 1 of 12 is I of what part of 20? 

13. 40 is I of what part of 100? 

14. If 4 hats cost $8, what will 1 hat cost? 

15. If 10 horses cost $1000, what will 1 horse cost? 

16. Find the cost of 1 watch when 4 watches cost 
$500. 

17. Find the cost of 1 cord of wood when 7 cords 
cost $56. 

18. What will 8 pounds of butter cost if 2 pounds 
cost 25 cts. ? 

19. If one man do a piece of work in 4 days, what 
part of the work can he do in 1 day? 
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20. If one man can do a piece of work in 12 days, 
what part of the work can he do in 4 days ? 

21. If two men can do a piece of work in 8 days, 
what part of the work can they do in 2 days ? 

22. If A can do a piece of work in 3 days, and B 
can do it in 4 days, what part of the work can each 
man do in 1 day? What part of it can they both do 
in 1 day? What part can both do in 2 days? 

23. George can do some work in 5 days, John can 
do the same work iu 3 days, and James can do it in 10 
days; what part of the work can each do in 1 day? 
What part of it can George and John do in 1 day? 
WTiat part can George and James do in 1 day ? What 
part can John and James do in 1 day? What part of 
the work can all three do in 1 day? In 2 days? 

24. A and B can do a piece of work in 9 days, and 
B alone can do it in 20 days ; what part of it can both 
do in 1 day? What part can B alone do in 1 day? 
What part can A do alone in 1 day? How long would 
it take A alone to do the whole work? 

25. A and B can do a piece .of work in 12 days ; 
what part of it can they do in 1 day? 

26. A and C can do the same work in 15 days ; what 
part of it can they do in 1 day? 

27. B and C can do the same piece of work in 20 
days ; what part of it can they do in 1 day? 

28. If a man can do ^V ^^ ^ piece of work in 1 day, 
how long will it take him to do the whole work? 

29. If a man can do ^j of a piece of work* in one 
day, how long will it take him to do the whole work? 
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30. If 4 men can do a piece of work in 20 days, in 
how many days can 8 men do it? 

31. If 4 men can do a piece of work in 12 days, by 
working 2 hours each day, in how many days can 14 
men do the same work, working 1 hour each day? 

32. What will 40 tons of coal cost at $8.37^ per ton? 

Ans. $335. 

33. If a man travels j\- of a mile in 1 hour, how 
far would he travel in \^ of an hour? 

34. How many pounds of butter can be bought for 
$1.24^, at 41^ cents per pound? 

35. At 62^ cents per pound, how many pounds of 
tea can be bought for $5.62^? 

36. How much more will 7 barrels of flour cost at 
$5^ per barrel than 105 bushels of potatoes at 27^ 
cents per bushel ? 

37. What number increased by f of | of 9^ will 
make 5? 

38. 12^ times a certain number equals 48| ; what is 
the number? 

39. Joseph has |- of f of $32, which is 3 times ^ of 
the money William has ; how much has each ? 

40. 27 is what part of ^j of 16^? 

41. A man bought 9 cords of wood at $4.33| a cord, 
and paid for it in labor at $1.50 a day. How many 
days did he work? 

42. Coal oil at 15 cents a gallon was exchanged for 
20 pounds of tea at 75|. cents per pound, and 37 
pounds of butter at 12^ cents per pound, how many 
gallons of coal oil were required ? 
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43. A miller owned f of a mill and sold 4 of his 
share ; what part of the mill did he still own ? 

44. A and B own a farm. A owns | of it, and B 
the remainder. B sells | of his share to A ; what part 
of the farm does each own ? 

45. A man sold a watch for $62.50, which was ^ of 
the cost of a new one. Find the diifference in the 
price of the two watches. 

46. Reduce |^ to an equivalent fraction having 7 for 
its denominator. 

47. A can do twice as much work as B ; how many 
times B's work can both do? 

48. B can do 5 times as much work as C ; how many 
times C's work can both do? 

49. If A can do 2^ times as much .work as B, what 
part of A's work can B do ? 

50. A and B together do a piece of work in 12 days ; 
what part of the work do both do in 1 day? If A does 
3 times as much as B, how many times B's work do 
they both do? What part of the whole work does B 
do in one day? What part of the whole work does A 
do in one day? How long will it take B to do the 
work alone? How long will it take A to do the work 
alone? 

51. Two men do a piece of work in 18 days. If the 
first man works 3 times as fast as the second, in how 
many days can each do the work alone ? 

52. How much greater, or less, is y®^ of |^ than -j-^ 
of If? 

53. Reduce ( 2^ X 5^) -^ ( 4| X 5 J) to simplest form. 
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54. How much will 17 umbrellas cost, if 6 cost 
$14.37^? 

55. I of a pound of indigo cost 12^ cents, what 
must be paid for 1| pounds at the same rate? 

56. What is the value of 3 bales of cotton, each 
weighing 440^ pounds, when 1 pound sells for 13^ 
cents? 

57. 720 bushels of oats are worth 120 bushels of 
wheat. What is the value of the oats, if wheat is 
worth 90 cents a bushel? 

58. 37^ yards of brussels carpet are worth 225 
bushels of potatoes at 25 cents a bushel. What is the 
price per yard? 

59. A father left a fortime to his three children. 
The oldest was to have | of it, the second was to 'have 
^j of it, and the youngest was to have the rest. By 
this arrangement the oldest received $10000 more than 
the youngest. Find the value of the estate, and the 
amount each received. 

60. Add ^ of I of I and f of ^-^^ of 7^, and divide 

the sum by » of f of 341" of 9. 

61. Twice -^ of -^^ of 91 is -^^ of how many times 
I of sixtimes » of 17^? 

DECIMAL FRACTIONS. 

157. Decimal fractions are fractions whose denomi- 
nator, usually understood, is ten, or some power of 
ten. 
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158. A decimal fraction always expresses a certain 
number of tenths, hundredths, thousandths, etc., of 
a unit. 

Thus : .5, which is read five-tenths. 

.05, which is read five-hundredths. 
.005, which is read five-thousandths. 

NOTATION OF DECIMALS. 

159. The decimal point (•) determines the denom- 
ination of the fraction. 

160. The denominator of a common fraction may be 
any number whatever, and is always expressed. 

The scale in decimal fractions is the same as that in 
whole numbers. 

This is shown below in writing the following num- 
bers : — 

20000 Twenty thousand. 

2000 Two thousand. 

200 Two hundred. 

20 Twenty. 

2 Two units. 

.2 Two tenths. 

.02 Two hundredths. 

.002 Two thousandths. 

.0002 .... Two ten-thousandths. 
.00002 .... Two hundred-thousandths. 

161. Thus, it is shown, — 

1st. That the local value of a digit is only one-tentk 
as great in the fourth as it is in the Jifth place at the 
left of the point. 
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2d. That the local value of a digit is only one-tenth 
as great in the third as in the fourth place at the left 
of the point. 

3d. That the local value of a digit is only one-tenth 
as great in the second as it is in the third place at the 
left of the point. 

4th. That the local value of a digit is only one-tenth 
as great in the first as it is in the second place at the 
left of the point. 

5th. That the local value of a digit is only one-tenth 
as great in the first place at the right of the point as it 
is in the first place at the left of the point. 

GENERAL LAW. 

Finally. While numbers increase in a ten-fold ratio 
from the point toward the left, they decrease in a ten- 
fold ratio from the point toward the right. 

WRITING DECIMALS. 

BuLE. — Write as in whole numbers^ and place the 
decimal point so as to express the denomination required. 

162. In decimals, as in whole numbers, each digit 
used in expressing a number may have a simple or a 
local value. 

163. The local value of any digit depends upon its 
position with reference to the decimal point. 

READING DECIMALS. 

BuLE. — Head as in whole numbers y giving the name 
of the lowest denomination in the decimal read. 
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NOTATION AND NUMERATION OF DECIMALS. 

How many places are required — 

1. To express thirty-three thousand ? 

2. To express thirty-three hundred? 

3. To express three hundred and thirty-three units ? 

4. To express thirty-three units? 
6. To express thirty-three tenths ? 

6. To express three hundred and thirty-three tenths? 

7. To express thirty-three hundredths ? 

8. To express three hundred and thirty-three hun- 
dredths 9 

9. To express thirty-three thousandths ? 

10. To express three hundred and thirty-three thou- 
sandths? 

11. To express thirty-three ten-thousandths? 

12. To express three hundred and thirty-three ten- 
thousandths? 

13. To express three tenths? 

14. To express three units and three tentJis? 

Analyze and write — 

1. Thirty-three thousand. 

2. Thirty-three hundred. 

3. Three hundred and thirty-three units. 

4. Thirty-three units. 

5. Thirty-three tenths. 

6. Three hundred and thirty-three tenths. 

7. Thirty-three hundredths. 

8. Three hundred and thirty-three hundredths. 
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9. Thirty-three thousandths. 

10. Three hundred and thirty-three thousandths. 

11. Thirty-three ten-thousandths. 

12. Three hundred and thirty-three ten thousandths. 

13. Three tenths. 

14. Three units and three tenths. 

164. The denomination of a decimal depends on the 
number of places required to express it. 

165. The value of a decimal depends on the value 
expressed by the significant figures in the decimal. 

166. The value of a common fraction may be ex- 
pressed decimally, thus : 

COMMON FRA.CTION8. DECIMAL FRACTI0178. 

tV 1 

tV 3 

tU 01 

rU 03 



TTTTTTT 
7 

649 



^— 007 



^— 0007 

«-*-•— 00549 



167. The value of a decimal may be expressed in 
the form of a common fraction, thus : 

DECIMALS. COMMON FBAGTIONS. 

q 9 

•^ • • • \ TIT- 

AKa 4 6 6 

•**'" TTTTTT* 

.0456 T^4f^. 

.5 A=i. 
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DECIMALS. GOMMOK FRACTIONS. 

lOf; 125 1 

•^^'^ TTTTrTr — ¥• 

41.7. 41tV 

4.17 4tVV 

417 4^7 

04.1 7 4 17 

168. The operatious of addition, subtraction, mul- 
tiplication, and division are performed in decimals 
as in whole numbers, regard being had to the decimal 
point. 

WRITING DECIMALS. 

169. Decimals are written as in whole numbers, 
regard being had to the decimal point in determining 
the denomination of the decimal. 

niustration 1. — Write seven hundred and eight 

tenths. 

Solution. — Writing this as in whole numbers, we have 708; 
but, as we require one decimal place to express tenths, the number 
must be written 70.8. 

niustration 2. — Write eighty-seven thousand and 

thirteen thousandths. 

Solution.— Writing this as a whole number we have 87013; 
but as we require three decimal places to express thousandths, the 
number must be written 87.013. 

niustration 3. — Write ninety-nine thousand and 
eighty-eight hundred-thousandths. 

Solution. — Writing this as a whole number we have 99088; 
but as we require five decimal places to express hundred-thousandths, 
the number must be written .99088. 
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ADDITION. 

170. Addition of decimals consists in finding: the 

snm of two or more decimals. 

Rule. — Write the decimals to be added so that units 
of the same order shall stand in the same column j and 
add as in simple numbers. , 

1. Write, and add three-tenths, seven-tenths, four- 
tenths, nine-tenths, eight tenths. 

2. Write, and add twelve-hundredths, thirteen-hun- 
dredths, fourteen-hundredths, fifteen-hundredths. 

3. Write, and add twenty-one thousandths, three 
hundred and twenty-one thousandths, five hundred and 
seventeen thousandths. 

4. Write, and add twenty-seven thousand and eight 
ten-thousandths, thirty-seven thousand and one ten- 
thousandths, forty-seven thousand eight hundred and 
forty-one thousandths. 

ADD ADD 

5. 23124.7682 6. 7865432.12345678 

231.247682 123456. 7«2345687 

23.1247682 786.543212345678 

2312.47682 87654.3212345678 

.231247682 8.7654321234578 

.00231247682 23.6894 



Add 
7. Twenty-seven hundred and twenty-seven thou- 
sandths, twenty-seven hundred and twenty-seven hun- 

8 
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114 PRACTICAL ARITHMETIC. 

dredths, twenty-seven hundred and twenty-seven ten- 
thousandths, twenty-seven hundred and twenty-seven 
tenths, twenty-seven hundred and twenty-seven hun- 
dred-thousandths . 

Add 

8. Forty-one hundred and forty-one tenths, thirty- 
one hundred and thirty-one hundredths, twenty-one 
hundred and twenty-one thousandths, ten hundred and 
ten ten-thousandths, fifty-one hundred and fifty-one 
hundred-thousandths . 

Add 

9. Twenty-five thousand and twenty-five tenths. 
Twenty-five hundred and twenty-five hundredths, 
Twenty-five thousandths. 

Twenty-five hundred-thousandths, 
Twenty-five millionths, 

Twenty-five thousand, and twenty-five tenths. 
Twenty-five hundred, and twenty-five hundredths, 
Twenty-five, and twenty-five tenths, 

SUBTRACTION. 

171. Subtraction of decimals consists in finding: the 
difference between two decimals. 

BuLE. — Wy^ite the subtrahend under the minuend y 
so that the same orders shall stand in the same column^ 
and subtract as in simple number's. 

1. From eight-tenths take seven-tenths. 

2. From five hundredths take three hundredths. 
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3. From four thousandths take one thousandth. 

4. From nine ten-thousandths take three ten-thou- 
sandths. 

5. From six hundred-thousandths take six mil- 
lionths. 

6. From 237.84562 7. From 8.7642 
Take 51.2164 Take .94328 



8. From 1.0783147 9. From .07256139 

Take .9874156 Take .00002799 



10. From twenty-nine thousandths 
Take twenty-nine ten-thousandths. 

11. From seventy-two millionths 

Take seventy-two hundred-millionths. 

12. From seventy-two millionths 
Take seventy-two ten-millionths. 

13. From seventy-seven millionths plus twenty-one 

ten-millionths 
Take sixty-six millionths plus twenty-two ten- 
millionths. 

14. From six hundred and five hundred-millionths 
Take five hundred and six hundred-millionths. 

15. Find the diflference between one hundred-mil- 
lionth and one billionth. 

16. What number added to nineteen hundred-thou- 
sandths will make nineteen thousandths ? 

17. The sum of three numbers is ninety-two ten- 
millionths ; the first is seven ten-millionths, and the 
second is seven hundred-millionths ; what is the third? 
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MULTIPLICATION. 



172. Multiplication of decimals consists in find- 
ing: the product of two decimals. 

173. Decimals are multiplied as simple numbers, 
regard being had to the decimal point. 

174. The position of the decimal point in the prod- 
uct depends upon the following principles : 

First Principle. 

Dividing the multiplicand by 10, 100, 1000, etc., 
divides the product by 10, 100, 1000, etc. 

Second Principle. 

Dividing the multiplier by 10, 100, 1000, etc., divides 
the product by 10, 100, 1000, etc. 

Third Principle. 

Dividing both multiplier and multiplicand by 10, 
100, 1000, etc., divides the product by 100, 10000, 
1000000, etc. 

Illustration. — Multiply 2.56 by 25.6. 

Solution. — Regarding the multiplier and multipli- 2.66 

cand as integers, the product is 66536 ; but since the multi- 26.G 

plier, regarded as an integer, is 10 times too large, and 

since the multiplicand, regarded as an integer, is 100 times , ig^ 

too large, the product must be 10 times 100, or 1000 times 512 

too large ; by Third Principle, the product thus obtained 

must therefore be divided by 1000, which consists in point- 66.536 
ing off three decimal places, the number of decimal places in both 
factors. Hence the 
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Rule. — Multiply as in simple numbers^ and point 
off in the product as many decimal places as there are 
in both multiplicand and multiplier. 

If the product of the significant figures in both fac- 
tors does not give the number of decimal places required^ 
prefix ciphers to supply the deficiency. 





MCLITPI.Y 




MCLTIPI-T 


1. 


.5 by .5 


11. 


.333 by .33 


2. 


.5 by .35 


12. 


.4444 by .03 


3. 


.35 by .35 


13. 


.53535 by .023 


4. 


.334 by .4 


14. 


657843 by .673 


5. 


.334 by .04 


15. 


.121212 by .23232 


6. 


.334 by .334 


16. 


.373737 by .262626 


7. 


.888 by .2 


17. 


34.34 by 24.24 


8. 


.888 by .22 


18. 


19.91 by 91.19 


9. 


8888 by .222 


19. 


87.789 by 78.987 


.0. 


8888 by .2222 


20. 


999.99 by 12.3456 



21. Find the product of 3.4 X 12;5 X 10 X .3125 X 
.08X.1 

22. Find the product of .4 X 2 X .5 X 2.5 X .2 X 5 
X 1.28 X. 78125 

23. Multiply eighty -five hundred - millionths by 
seven hundred and forty-five ten-millionths. 

24. Multiply six hundred and sixty-six thousand five 
hundred and fifty-five billionths by five hundred and 
fifty-five thousand six hundred and sixty-six millionths ; 
and multiply this product by ninety-nine hundred and 
ninety-nine tenths. 
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DIVISION OF FRACTIONS. 

176. Division of decimals consists in finding bow 
many times one decimal is contained in another. 

176. Division of decimals is performed as in simple 
numbers, regard being had to the decimal point. 

177. The position of the decimal point in the quo- 
tient depends upon the following principles : 

First Principle. 
Dividing the divisor by 10^ 100^ 1000 ^ etc,^ mvl- 
tiplies the quotient by 10^ 100^ 1000^ etc. 

Second Principle. 

Dividing the dividend by 10^ 100 ^ 1000^ etc.y divides 
the quotient by 10, 100, 1000, etc. 

lUustration. — Divide .256 by 25.6 

Solution. — Regarding both dividend and divisor as integers, 
tlie quotient is 1 ; but since the dividend, regarded as an integer, Is 
1000 times too large, the quotient is 1000 times too large, and should 
be divided by 1000, vrhich gives .001. But since the divisor, re- 
garded as an integer, is 10 times too large, this quotient is ten times 
too small; and should be lOX -001, or .01, vrhich is the number of 
decimal places in the dividend in excess of those in the divisor. 
Hence the 

Rule. — Divide as in simple numbers^ and point off 
in the quotient as many decimal places as those in the 
dividend exceed those in the divisor. 

Suggestion. — a. When the divisor contains a greater number of . 
decimal places than the dividend^ make the places in the dividend equal 
to those in the divisor by annexing ciphers to the dividend. 
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b. When the decimal places in divisor and divideiid are equal the 
quotient is a whole number. 

c. ^ach cipher annexed to the dividend^ in continuing the division^ 
increases the number of decimal places in the quotient, 

DIVIDE DIVIDE 



1. 


625 by 625 


11. 


17.28 by .12 


2. 


625 by 62.5 


12. 


1.728 by 1,2 


3. 


625 by 6.25 


13. 


.1728 by .012 


4. 


625 by .625 


14. 


.0064 by .00000032 


5. 


62.5 by .625 


15. 


.00000032 by .0064 


6. 


6.25 by .625 


16. 


.2222 by .00000011 


7. 


.625 by .625 


17. 


32.75 by 4.25 


8. 


1.25 by 12.5 


18. 


4.756 by .375 


9. 


.032 by .016 


19. 


101.202 by 202,101 


10. 


.016 by .32 


20. 


245.7 by .0000125 



21. The product of two numbers is eight hundred 
and twenty-five ten-thousandths, and one of them is 
one hundred and twenty-five millionths ; what is the 
other number? 

22. If 27 horses cost $1684.125, whnt did one 
cost? 

23. Multiply twelve hundred-thousandths by four- 
teen ten-thousandths, and divide the result by the 
product of forty-two ten-millionths by fifty-four tenths. 

REDUCTION OF DECIMALS. 
178. Redaction of decimals consists in changing 

a. A decimal to the form of a common fraction. 

b. A common fraction to the form of a decimal. 

c. A decimal of one denomination to a decimal of 
different denomination. 
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Case I. 

179. To reduce a decimal to the form of a com- 
mon fraction. 

Example. — Change .0825 to an equivalent common 

fraction. 

Solution. — Since the given decimal contains foor places it 
expresses ten-thousandths. Writing the significant figures as the 
numerator and 10000 as the denominator, we get xf f f^* which, re- 
duced to its lowest terms, gives :^f^\. Hence the 

BuLE. — As the numei^ator write the given decimal^ 
omitting the decimal point and the ciphers prefixed to 
the decimal part; as the denominator write 1 with as 
many ciphers annexed a^s there are places in the given 
decimal. 
Reduce to common fractions and to lowest terms : 



1. 


.5 


11. 


.875 


21. 


33.22 


2. 


.25 


12. 


.9375 


22. 


22.35 


3. 


.625 


13. 


.048 


23. 


7.28 


4. 


.05 


14. 


.0625 


24. 


44.444 


5. 


.025 


15. 


35.75 


25. 


40.044 


6. 


.0625 


16. 


47.25 


26. 


11.2244 


7. 


.012 


17. 


54.725 


27. 


224.411 


8. 


92.5 


18. 


811.125 


28. 


81.1818 


9. 


6.25 


19. 


11.85 


29. 


18.8181 


10. 


62,5 


20. 


111.222 


30. 


19.911 



Case II. 
180. To reduce a common fraction to a decimal. 
Example. — Change ^ to an equivalent decimal. 
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Solution. — This Iraction expresses an unexecuted division 
which is to be performed. Since 8 is not contained in 1 unit, we 
reduce tlie unit to tenths, which gives 10 tenths ; | of 10 tentlis is 
.1, with a remainder of .2, or .20. \ of .20 is .02, with a remainder 
of .04, or .040. J of .040 is .005. The quotient, then, Is .125; 
therefore, J =.125. Hence the 

Rule. — Divide the numerator by the denominator ^ 
annexing ciphers to the numerator^ and point off a^ in 
division of decimals. 

Change the following to equivalent decimals : 

11 f^ 21 I') 1 

I. Y- ^' TT- ^^- ir- 



2. ^. 9. 



16. |. 

3. j. 10. /^. 17. ^ 

4. |. 11. ^. 18. |. 

5. |. 12. TVr- 19- ^ 

fi » 1 .^ 1 5 90 5 

0. jj, 10. j:^j. ZU. J. 

7 15 14. 4 91 9 

181. The value of a common fraction can be exactly 
expressed decimally only when the prime factors of its 
denominator are factors of 10 ; as 2 and 5. 

182. The number of decimal places required to ex. 
press a common fraction decimally is determined by 
the greatest number of times 2 or 5 occurs as a fac- 
tor of its denominator. 

Have the following fractions exact decimal equiva- 
lents ? and how many places are required to express 
them decimally? 

niustration. — Has f an exact decimal equivalent? 

Solution. — The denominator 4 = 2X2, and since 2 is a factor 
of 10, the value of } may be exactly expressed decimally. The 
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number of places required to express it is two, since 2 occurs twice 
as a factor of the denominator. Hence, } = .76. 



2. k- 




7. i. • . 12. v.. 


3. «. 




8. |. 13. ,V. 


4. i- 




9. |. U. |. 


5. ». 




10. A- 15. |. 


6. A- 




11. A. 16. |. 


183. When 


a common fraction has no exact decimal 


equivalent 


the 


resulting decimal is called a circulatingr 


decimal. 


Thus, 


1 — 


•3^, 


or .33|, or .333^, or .3333333| 


2 — 


•6|, 


or .66|, or .666|, or .6666666| 


1 — 


.1666666661 



Note. — The subject of circulating decimals belongs properly to 
higher arithmetic 

Case III. in the reduction of decimals belongs to 
the subject of compound denominate numbers. (See 
Art. 255.) 

REVIEW. 

1. Add 256.764, 2.75683, .00000001, 20.20202, 
1.000126, 3.00001 

2. From .00004673 take .0000279341 

3. Multiply 1.0001, 2.0002, 3.0003, 4.0004, 5.0005, 
6.0006, .0007 

4. Divide 93.75 by 3265096.575 to four significant 
figures in the quotient. \>^ 

5. How many casks, each containing 10.485 gallons, 
can be filled from 83.88 gallons ? 

6. A pile of cord-wood is 40.16 feet long, 7.04 feet 
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high. How much is it worth at $4.75 a cord, there 
being 128 cubic feet in one cord? 

7. How many loads in the above pile of wood, if 
each load contains 1.25 cords? 

8. Find the value of ( 7.2372 X 1.001002 ) -^ 
(2.002001 X 1.30201). 

COMPOUlJfb NukBERS. 

184:. A compound number is a concrete number 
consisting of different denominations. 

185. Changing compound numbers from one denom- 
ination to another, without changing the value ex- 
pressed, is called Reduction. 

186. Reduction descending consists in changing 
from a higher to a lower denomination, and is per- 
formed by multiplication. 

187. Reduction ascending consists in changing from 
a lower to a higher denomination, and is performed by 
division. 

188. Compound numbers are used, in expressing the 
different Currencies, Weights, and Measures. 

UNITED STATES CURRENCY. 

189. United States Currency is sometimes called 
Federal Money, and is the legal currency of the 
United States. 

190. This currency is based upon the decimal scale ; 
and all operations in this currency are similar to those 
in whole numbers and decimal fractions. (Art. 83.) 



Digitized 



by Google 



124 PRACTICAL ARITHMETIC. 

191. The operations in compound numbers are based 
on varying scales. 

192. DIFFERENT SCALES. 

1. In United States currency the scale is 10. 

2. In English Money the scale is 4, 12, 20. 

3. In Long Measure the scale is 12, 3, 5^, 40, 8. 

4. In Square Measure the scale is 144, 9, 30^, 40, 
4, 640. 

5. In Cubic Measure the scale is 1728, 27, 8, 128. 

6. In Dry Measure the scale is 2, 8, 4. 

7. In Liquid Measure the scale is 4, 2, 4, 31|. 

8. In Apothecaries' Weight the scale is 20, 3, 8, 12. 

9. In Troy Weight the scale is 24, 20, 12. 

10. In Avoirdupois Weight the scale is 16, 25, 4, 20. 
Other weights and measures have other scales. 

ENGLISH MONEY. 

193. English money is the legal currency of Great 
Britain. The denominations are Farthing^ Penny^ 
Shilling, Pound. 

table of ENGLISH MONEY. 

4 Farthings (far.) make 1 Penny. d. 

12 Pence 1 SMUing. «. 

20 ShUllngs 1 Pound £, 

or 

Sovereign, sov. 

Example 1. — Beduce 2£ 4s. 5d. 3 far. to farthings. 
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Solutioil*— 2£ 4s. 5d. 3 far. 

20 No. of shillings in 1£. 

40 No. of shillings in 2£. 

4 Add 4 shillings. 

44 No. of shillings in 2£ 4s. 
12 No. of pence in a shilling. 

628 No. of pence in 44s. 

5 Add 5 pence. 

583 No. of pence in 2£ 4s. 5d. 
4 No. of farthings in a penny. 

2132 No. of farthings in 538 pence. 
3 Add 3 farthings. . 

2135 No. of farthings in 2£ 4s. 5d. 3 far. 
Example 2. — Reduce 2135 farthings to higher de- 
nominations. 

Solutioii* — No. of farthings in a penny 4) 2135 far. 

No. of pence in a shilling 12)533 + 3 far. 

No. of shillings in a pound 20)44 -f 5d. 

2£ + 4s. 
Hence, in 2135 farthings there are . . 2£ 4s. 5d. 3 far. 

3. Reduce 5£ 3s. 7d. 2 far. to farthings. 

4. Reduce 7£ 2s. to farthings. 

5. Reduce 821 farthings to higher denominations. 

6. Reduce 9012 farthings to higcher denominations. 

WEIGHTS AND MEASURES. 

194. Some legal standard, or unit, of measure is 
used in estimating extension^ capacity ^ weighty etc. 

a. In Extension the yard is the unit of measure, 
which is subdivided into feet and inches. 
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b. In Capacity the unit varies according to the kind 
of capacity under consideration. 

1. In Dry Measure the unit is the bushel^ which 

contains 2150.4 cubic inches. 

2. In Liquid Measure the unit is the gallon^ 

which contains in Wine Measure 231 cubic 
inches, and in Beer Measure 282 cubic 
inches. 

c. In Weights the Troy Pound, which contains 5760 
grains, is the unit. 

d. In measuring Time, the mean solar day is the unit. 

e. In Angular Measure one degree is the unit. 

196. The most important measures of extension 
are, 

1* JLiinear Measure. • 

2. Square Measure. 

3. Cubic Measure. 

196. Linear or Long Measure is used in meas- 
uring distances. 

LONG MEASURE. 

12 Inches (in.) make 1 Foot. ft. 

3 Feet : 1 Yard. yd. 

6J Yards 1 Rod. rd. 

40 Rods 1 Furlong, fur. 

8 Furlongs 1 Mile. mi. 

5280 Feet 1 Mile. 

surveyors' measure. 

7.92 Inclies make 1 Link. I. 

25 Links *. 1 Rod. rd. 

4 Rods 1 Chain ch. 

80 Chains 1 Mile. mi. 
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Example 1. — Eeduce 2 mi. 2 fur. 12 rds. 2 yds. 1 
ft. 5 in. to inches. 

Solution. —2 mi', 2 fur. 12 rds. 2 y(Z». 1 ft, 6 i«. 
8 No. of farlongs in a mile. 

16 No. furlongs in 2 miles. 



18 No. furlongs in 2 miles, 2 furlongs. 
40 No. rods in a furlong. 

720 No. rods in 18 furlongs. 
12 

732 No. rods in 18 furlongs, 12 rods. 
6i No. yards in a rod. 



3660 
366 



4026 No. yards in 732 rods. 
2 

4028 No. yards in 732 rods, 2 yards. 

3 No. feet in a yard. 



12084 No. feet in 4028 yards. 

1 



12085 No. feet in 4028 yards, 1 foot. 
12 No. inches in a foot. 



146020 No. inches in 12085 feet. 
5 



145026 No. inches in 12085 feet, 6 inches. 
Hence, 2 mi, 2 fur. 12 rds, 2 yds, 1 ft, 5 t'n. = 145026 inches. 

Example 2. — Reduce 145025 inches to higher de- 
nominations. 



\ 
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Solution.— No. Inches in a foot, 1 2)146025 in. 

No. feet in a yard, 3)12085 ft. + 6 in. 
No. of yards in a rod, 6^)4028 yds. + 1 ft. 

2 £ 

No. half-yards in a rod, 11 )8056 half-yds. 
No. rods in a furlong, 4 0)732 rds. -f |= 2 yds. 
No. furlongs in a mile, 8) 18 fur. + 12 rds. 

2 mi. + 2 fur. 
Hence, 146026 inches = 2 mi. 2 fur. 12 rds. 2 yds. 1 ft. 5 in. 

3. Reduce 3 fur. 12 rds. 2 yds. 2 Ji. 4: in. to inches. 

4. Reduce 7256381 inches to higher denominations. 

5. Reduce 8356 in. to links. 

6. Reduce 132 ft. to chains. 

7. Reduce 66 links to feet. 

8. Reduce 5^ yds. to links. 

197. The measure of areas is called Square Meas- 
ure, and is used in measuring surfaces. 

198. The unit is a square one foot on each side. 

SQUARE MEASURE. 

144 Square Inches :.make 1 Square Foot, sq.ft. 

9 Square Feet 1 Square Yard. sq. yd. 

30i Square Yards 1 Square Rod. sq. rd. 

40 Square Rods 1 Rood. B. 

4 Roods 1 Acre. A. 

, 640 Acres 1 Square Mile, sq.mi. 

surveyors' square MEASURE. 

625 Square Links make 1 Pole. P. 

16 Poles 1 Square Chain, sq. ch. 

10 Square Chains 1 Acre. A. 

640 Acres 1 Square Mile, sq.mi. 

36 Square MUes 1 Township. ^ T. 

199. The measure of any surface is the number of 
times it contains the unit, and is found by multiplying 
its length by its breadth. 
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Example 1. — Reduce 2 A. 1 R. 1 sq. rd. 1 sq. yd. 

1 sq. ft. 1 sq. in. to square inches. 

Splutioii* — 2 A. 1 R. 1 sq. rd. 1 sq. yd. 1 sq. ft. 1 sq. in. 
4 No. roods in an acre. 

8 No. of roods in 2 acres. 

1 

9 No. roods in 2 acres, 1 rood. 
40 No. sq. rds. in a rood. 

360 No. sq. rds. in 9 roods. 
1 

361 No. sq. rds. in 9 roods, 1 sq. rd. 
30^ No. sq. yds. in a sq. rod. 



10830 
90^ 



10920J No. sq. yds. in 361 sq. rds. 

1 



10921} No. sq. yds. in 361 sq. rds. 1 sq. yd. 
9 No. sq. ft. in a sq. yd. 

98289 
2t 

98291} No. sq. ft. in 10921} sq. yds. 
1 



98292} No. sq. ft. in 10921} sq. yds. 1 sq. ft. 
144 No. sq. in. in a sq. ft. 



393168 
393168 



36 



14154084 No. sq. in. in 98292} sq. ft. 

1 



14154085 No. sq. in. in 98292} sq. ft. 1 sq. in. 
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2. Beduce 14154085 sq. in. to higher denomina- 
tions. 

3. Find the cost of 2 A. 3 sq. yds. 4 sq. ft., at 5 
cents per sq. ft. 

4. Beduce 613474 sq. ft. to higher denominations. 

5. Reduce 10 sq. ch. to sq. yds. 

6. Reduce 4 R. to sq. links. 

7. How many sq. rds. in | of a township? 

8. Reduce 1 sq. mi. 100 A. to sq. in. 

9. Reduce 1 sq. mi. 100 A. to P. 

CUBIC MEASUBE. 

200. Cubic Measure is used in finding the solid 
contents of bodies having extension in three directions, 
lengthy breadth^ and thickness. 

201. A cube is a solid bounded by six equal square 
surfaces. 

202. The unit of measure is a small cube one inch 
in length, one inch in breadth, one inch in thickness ; 
which contains one cubic inch. 

203. The numerical measure of any large cube is 
the number of times it contains this unit. Hence, the 
cubical contents of any cube is found by taking the 

. continued product of its three dimensions. 

Illustration. — The cabical contents of a solid 4 inches on 
each edge, is 4 times 4 times 4, or 64 cubic inches. 

CUBIC MEASURE. 

1728 Cubic Inches make 1 Cubic Foot. m.ft. 

27 Cubic Feet 1 Cubic Yard. m. yd. 

24} Cubic Feet ^ 1 P^rgh, pch. 
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WOOD MEASURE. 



16 Cubic Feet make 1 Cord Foot, cd.ft, 

8 Cord Feet 1 Cord cd. 

128 Cubic Feet 1 Cord. 

204. The perch is used in measuring stone-work, or 
masonry, which is generally estimated by the perch. 

Example 1. — Reduce 3 cu. yds. 3 cu. ft. 3 cu. in. 
to cu. inches. 

Solution. — 3 cu. yds. 3 cu. ft. 3 cu. in. 

27 No. cu. ft. in a cu. yd. 

81 No. cu. ft. in 3 cu. yds. 
3 

84 No. cu. ft. in 3 cu. yds, 3 cu. ft. 
1728 No. cu. in. in a cu. ft. 

6912 
13824 

146162 No. cu. in. in 84 cu. ft. 
3 

146166 No. cu. in. in 84 cu. ft., 3 cu. in. 

2. Reduce 145155 cu. in. to higher denominations. 

3. How many cu, yds. in 27648 cu. in. ? 

4. How many cu. ft. in 6| cords? In 12^ cords? 

5. Change 471837 cu. in. to cu. yds. 

6. Change 37 cd. ft. to cu. in. 

205. The most important measures of capacity 
are 

a. Dry Measure. 
h. Liquid Measure. 
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206. I>ry Measure is used in measurifig grain, fruit, 
etc. 

The denominations used are pint^ quart f pecJc^ 
btishel. 

TABLE FOB DBT MBASUBE. 

2 Piiits jnake 1 Quart, pt, qt. 

8 Quarts 1 Peck. pk, 

4 Pecks 1 Bushel. bu. 

The cubic contents of the Winchester bushel is 2150.4 cubic inches. 

207. To change any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination. 

EXAMPLES. 

1. How many cubic inches in 1 peck? in 2 pecks? 

2. How many cubic inches in 1 quart? in 2 quarts? 

3. How many cubic inches in 1 pint? in 2 pints? 

4. Change 2 quarts to pints ; 5 quarts to pints. 

5. Change 7 quarts to pints ; 10 quarts to pints. 

6. Beduce 2 pecks to quarts ; to pints. 

7. Reduce 5 pecks to quarts ; to pints. 

8. Reduce 7 pecks, 5 quarts, to quarts ; to pints. 

9. Reduce 10 pecks, 7 quarts, 3 pints, to pints. 
10. Reduce 2 bushels, 2 pecks, 4 quarts, 1 pint, to 

pints. 

208. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any higher denomination. 

1. Reduce 10 pints to quarts ; 20 pints to quarts. 

2. Reduce 32 pints to quarts ; to pecks. 
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3. Reduce 64 pints to quarts ; to pecks ; to bushels. 

4. Reduce 100 pints to higher denominations. 

5. Reduce 100 quarts to higher denominations. 

6. Reduce 1000 quarts to higher denominations. 

7. Reduce 1000 pints to higher denominations. 

8. How many bushels of wheat will a bin contain 
that is 10 feet long, 5 feet wide, 4 feet deep? 

LIQUID MEASURE. 

209. JLiiquid Measure is generally used for meas- 
uring all kinds of liquids. 

The denominations used are gill, pint, quart, gal- 
lon, barrel, hogshead. 

TABLE FOR LIQUID MEASURE. 

4 GUIs ; make 1 Pint. gi. pt, 

2 Pints 1 Quart. qL 

4 Quarts 1 GaUon. gal, 

31 J Gallons 1 Barrel. bbL 

63 Gallons 1 Hogshead, hhd. 

Note. — Tiercey pipe and tun are vessels of varying capacity, 
which generally contain, respectively, 42 gallons, 126 gallons, 262 
gallons. 

The wine gallon contains 231 cubic inches. 

The beer gallon contains 282 cubic inches. 

EQUIVALENT. 

1 bu. equals 9.31 wine gal., nearly. 
1 bu. equals 7.62 J beer gal., nearly. 

210. To reduce any namber of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination* 
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EXAMPLES. 

!• Reduce 2 pints to gills ; 5 pints to gills. 

2. Reduce 7 pints, 2 gills, to gills. 

3. Change 2 gallons to quarts ; to pints ; to gills. 

4. Reduce 2 barrels to quarts ; to pints ; tg gills. 

5. 3 hhds. contain how many pints? 

211* To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of higher denominations. 

EXAMPLES. 

1. Change 72 gills to pints ; to quarts. 

2. Reduce 100 gills to higher denominations. 

3. Change 1000 pints to higher denominations. 

4. In 720 pints, how many hhds. ? 

5. In 471 gills there are how many barrels. 

212. Dry and Liquid Measure compared. 

EXAMPLES. 

1. If a man should buy a bushel of strawberries by 
beer measure, and sell them by wine measure, how many 
quarts would he gain ? 

Sug^g^estion*:— Inl bu, there are how many qt8. wine measure? 
In 1 bu. there are how many qts, beer measure? 

2. How much would be gained, or lost, by buying a 
barrel of vinegar by beer measure, and selling it by 
wine measure, at 40 cents per gallon? 

3. What would be gained, or lost, by selling one peck 



Digitized 



by Google 



COMPOUND NUMBERS. 135 

of currants, at 7 cents a pint wine measure, that cost 
6^ cents a pint dry measure? 

213. Angrnlar Measure. 

The denominations used are circumference^ sign^ 
degree^ minute^ second. 

TABLE FOR ANGULAR MEASURE. 

60 Seconds make 1 Minute. " ' 

60 Minutes 1 Degree. ® 

30 Degrees 1 Sign. «. 

12 Signs 1 Circumference . C. 

EXAMPLES. 

1. Change 12 signs to degrees ; to minutes ; to sec- 
onds. 

2. Reduce 5 signs, 5 degrees, to minutes. 

3. Change 3 signs, 3 degrees, 3 minutes, to seconds. 

4. Reduce 10 signs, 10 degrees, 10 minutes, 10 sec- 
onds, to seconds. 

MEASURE OP DURATION. 

214. Time is a part of duration, and for purposes of 
calculation is measured by the revolution of the Earth 
on its axis. 

One such revolution determines the length of our 
day, while one revolution of the Earth about the Sun 
constitutes our year. 

216. The year is subdivided into seasons, known as 
Spring, Summer, Autumn, Winter. 

The year is also divided into twelve months, each 
consisting of a certain number of days. 
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Although the seasons consist of the same number of 
months, the months do not consist of the same number 
of days. 



Spring Months. Summer Months. Autumn Months. 
March, June, September, 
April, July, October, 
. May. August. November. 


Winter Months. 
December, 
January, 
February. 




LENGTH OF THE MONTHS. 




Months 
haying 30 days. 


•April, 
June, Months 
September, having 31 days. 

. November. 


' January, 
March, 
May, 
July, 
August, 
October, 
December. 



NoTB. — In leap year February has 29 days ; but in common years 
it has only 28 days. 

a. Every year, except centennial, that is divisible by 4, is a leap 
year. 

6. Every centennial year that is divisible by 400 is a leap year. 

The subdivisions of the month, day, hour, minute, 
are given in the table below. 



TIME TABLE. 



mi. 
hr, 
da, 

yr. 



60 Seconds make 1 Minute, sec,- 

60 Minutes 1 Hour. 

24 Hours 1 Day. 

366 Days 1 Year. 

366 Days .*.... 1 Leap Year. 

7 Days 1 Week. 

4 Weeks I Lunar Month. 

12 Calendar Months 1 Year. 

62 Weeks 1 Year. 

100 Years 1 Century. C. 

NoTB. — This division of time is not strictly accurate, but gives 
rise to an error of 1 day in 3600 years. 



mo. 
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216. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination. 

EXAMPLES. 

1. Change 2 hours to minutes ; 5 minutes to seconds. 

2. Reduce 1 year to hours ; to minutes ; to seconds. 

3. How many hours in the month of May? 

4. How many more hours has July than February 
in leap year? 

217. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any higrher denomination. 

EXAMPLES. 

1 . Reduce 100 seconds to hours, minutes and seconds. 

2. Reduce 1000 minutes to hours and minutes. 

3. Reduce 10000 seconds to higher denominations. 

TROY WEIGHT. 

218. Troy Weigrht is used in weighing gold, silver, 
precious stones, and in philosophical experiments. 

The denominations used are grain ^ pennyweight^ 
ouncCy pounds and sometimes the carats which is used 
in determining the purity of gold, 24 carats fine being 
pure gold. 

TABLE FOR TROY WEIGHT. 

24 Grains make 1 Pennyweight, gr. pwt. 

20 Pennyweights 1 Ounce. oz. 

12 Ounces 1 Pound. U>, 



{ 
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219. To reduce any nuniber of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination. 

ISXAMFLES. 

1. How many grains are there in 1 pound? in 3 
pounds? 

2. Change 1 pound, 1 ounce to pennyweights. 

3. Change 2 pounds, 2 ounces, 2 pennyweights, to 
grains. 

4. Reduce 10 pounds to grains. 

5. Reduce 1 lb., 2 oz., 3 pwts., 4 grs., to grains. 

220. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any higher denomination. 

EXAMPLES. 

1. Change 240 grains to pennyweights. 

2. Change 2400 grains to ounces. 

3. Change 120 pwts. to pounds. 

4. Reduce 100 grains to higher denominations. 

5. Reduce 1000 grains to higher denominations. 

APOTHECARIES WEIGHT. 

221. Apothecaries Weight is used in preparing med- 
ical prescriptions. 

The denominations used are grairiy scruphj draniy 
ouncej pound. 

The grain, the ounce, the pound, are the same as in 
Troy weight. 
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The pound in each of these weights consists of 5760 
grains. 

TABLE FOR APOTHECARIES WEIGHT. 

20 Grains make 1 Scruple, gr. B. 

3 Scruples 1 Dram. 5. 

8 Drams 1 Ounce. 5. 

12 Ounces 1 Pound. lb. 

222. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination. 

EXAMPLES. 

1. Reduce 1 pound to ounces ; to drams ; to scruples ; 
to grains. 

2. Reduce 1 lb. 2S, 35, 29, 5 grs. to grains. 

3. Reduce 2S, 55, 29 to grains. 

4. Change 5 pounds to grains. 

5. Change 7 drams to grains. 

223. To reduce any number of units of one. de- 
nomination to an equivalent value expressed in terms 
of any higher denomination. 

EXAMPLES. 

1. Change 5760 grains to higher denominations. 

2. Change 100 grains to higher denominations. 

3. Reduce 1000 grains to higher denominations. 

4. Reduce 1000 scruples to higher denominations. 

5. Reduce 10000 9 to higher denominations. 

AVOIRDUPOIS WEIGHT. 

224. Avoirdupois Weight is used in weighing coarse 
and heavy articles. 
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The denominations used are dram^ ounce^ pounds 
hundredweight^ ton. Sometimes quarter and long ton 
are used. 

TABLB FOR AVOIRDUPOIS WEIGHT. 

16 Drams make 1 Ounce. dr. oz, 

16 Ounces 1 Pound. lb. 

25 Pounds 1 Quarter. qr, 

4 Quarters 1 Hundredweight, cvot, 

20 Hundredweight 1 Ton. T. 

Note. — In the long or gro88 ton 28 pounds make a quarter, used 
in the custom-house, and in weighing coal. 

225. To reduce any number of units of one de- 
nomination to an equivalent value expressed in terms 
of any lower denomination. 

EXAMPLES. 

1. Change 1 cwt. to oz. ; to drams. 

2. Change 3 qrs. to oz. ; to drams. 

3. Change 1 long ton to drams. 

4. Change 1 ton, 2 cwts., 3 qrs., 4 lbs., 5 oz., 6 
drs., to drams. 

5. Eeduce 10 tons to drams. 

226. To reduce any number of units of one de- 
nomination to an equivalent value expressed in temui 
of any higher denomination. 

EXAMPLES. 

1. Reduce 7000 drams to higher denominations. 

2. Reduce 5670 drams to higher denominations. 

3. Reduce 100 drams to higher denominations. 

4. Reduce 1000 drams to higher denominations. 

5. Reduce 1200 drams to higher denominations. 
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AVOIEDUPOIS AND TROY WEIGHT GOMPAHED. 

227. The grain which is the basis of both these 
weights is the basis of comparison, there being in a 
pound, Troy weight, 5670 grains, and in the pound 
Avoirdupois, 7000 grains. 

EXAMPLES. 

1. In 5 pounds Troy, how many pounds of Avoirdu- 
pois? 

Suggestion • — In 5 lbs. Troy, how many grains ? 

In 28350 grains, how many pounds Avoirdapois? 

2 . In 5 pounds Avoirdupois , how many pounds Troy ? 

Sussestion. — In 5 lbs. Avoirdupois, how many grains? 
In 35000 grains, how many pounds Troy? 

3. How much does a physician gain who buys 10 
pounds of opium by Avoirdupois, and sells it by 
Apothecaries weight. 

4. A man bought sugar at 6^ cents per pound Avoir- 
dupois, and sold it at the rate of 6 cents a pound Troy 
weight. Would he make or lose, and how much on 
300 pounds? 

5. How many pounds Troy are there in 256 ounces 
Avoirdupois weight? 

METRIC SYSTEM. 

228. The Metric System originated in France. 

229. The Primary or Base Unit of this system of 
weights and measures, is the Metre. 
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230. The Metre is a linear unit whose length was 
determmed by measuring, on the meridian passing 
through Barcelona and Dunkirk, the distance from the 
equator to the pole. One ten-millionth part of this 
distance, which is nearly 39.37 inches, is the length of 
the Metre. 

231. From the Metre, as the primary unit of the 
system, three other principal units, and one subordin- 
ate unit, are derived. 

232. These three derivative units are : 
The Are, the unit of surface. 
The liltre, the unit of volume. 
The Gramme, the unit of welgrht. 

233. The Are is a square whose side is ten Metres. 
The liltre is a cube whose edge is one-tenth 

of a Metre. 
The Gramme is a volume of rain water equal 

to a cube whose edge is one-hundredth of 

a Metre. 
The Stere has a special application in the 

measurement of volumes. Art. 244, note. 

LINEAR MEASURE. 

234. The unit of measure, in determining distances, 

is the Metre. 
In this measure there are four multiples and 

three sub-multiples of the base unit. 
The multiples of the Metre are, decametre, 

hectometre, kilometre, myriametre. 
The sub-multiples are decimetre, centimetre, 

millimetre. 
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235. The scale is uniform, being ten, the same as 

in whole numbers. 
The Millimetre is the lowest, and the Myria- 
metre is the highest denomination. 

KOTB. — Let the pupils arrange these several denominations in 
the form of a table. 

EXAMPLES. 

1. Change one metre to feet. 

2. How many inches in 1 decimetre? 1 centimetre? 
1 millimetre? 

3. How many feet and inches in 1 decametre? 

4. Beduce 1 hectometre to rods, feet, and inches. 
1 kilometre. 

5. Change 1 myriametre to mi., fur., rds., ft., and 
inches. 

SQUARE MEASURE. 

236. The unit of measure in determining surfaces 

is the Are. 
In this measure there is one multiple, and one 

sub-multiple of the base unit. 
The multiple of the Are is the Hectare. 
The sub-multiple of the Are is the Centiare. 

237. The scale is uniform, being one hundred. 

Note. — Let the pupil construct the table for this measure. 

238. To find the numerical value of the base unit 
In this measure. 

Explanation. — By the definition, the are is a square ten 
metres on each side ; hence, it contains 100 square metres. 
A square metre equals (39.37 X 39.37;, or 1649.9969 sq. in. 
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Then, 100 8q, metres contain 154999.69 sq. in. 
Bat 154999.69 sq. in. eqnal 119.59 sq. yds. 
Hence, the Are eqnals 119.6 (nearly) sq. yds., or nearly 4 perches. 

239. The problems under this measure are : 

1. To reduce ares to centiares. 

2. To reduce ares to hectares. 

3. To reduce centiares to ares. 

4. To reduce centiares to hectares. 

5. To reduce hectares to ares. 

6. To reduce hectares to centiares. 

7. To change any number of units in the Metric 
System to an equivalent value in the common system. 

8. To change any number of units in the common 
system to an equivalent value in the Metric System. 

Note. -r Let the pupils make and solve an example under each 
case. 

MEASURES OF CAPACITY. 

240. Measures of capacity are : 

1. Cubic Measure. 

2. Dry Measure. 

3. Liquid Measure. 

241. The unit of measure in determining volumes is 
the Litre. In this measure there are three multiples 
and three sub-multiples of the base unit. 

The multiples of the base unit are, decalitre^ hecto^ 
litre, kilolitre. 

The sub-multiples of the base unit are decilitre, 
centilitre y millilitre. 

The Millilitre is the lowest, and the Kilolitre the 
highest, deuomination, 
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The scale is uaiform, being ten. 

Note. — Let the pupils construct the table for this measure. 

242. To find the numerical value of the base unit 
In this measure. 

EiEplanatioii. — By the definition, the litre is a cube whose 
edge is one-tenth of a metre. 

The cube of one-tenth of a metre is 61.028878 cubic inches. 

-,, , ^ . ,,^ , 61.023378 ^ , , 61.023878X4X8X2 

Then, 1st. A litre equals ———bushels, or — a - 

:= 1.81606 pints, dry measure. 

Arfd, 2d. Autre equals ^^-^^^^ gallons, or «^f f ^«X4 = iqt. 

1.1385 pts., wine measure. 

243. To reduce any number of units expressed in 
the Metric System to an equivalent value expressed 
in terms of the common system. 

1. Express 2 bii. dry measure in terms of the metric 
system. 

2. Express 3 gal. in terms of the metric system. 

3. Express 5 gal. 1 qt. in terms of the metric sys- 
tem. 

244. To reduce any number of units expressed in 
the common system to an equivalent value expressed 
in terms of the metric system. 

1. Change 12 litres to dry measure. 

2. Change 15 litres to liquid measure. 

3. Express 10 bbls. in terms of the metric system. 

Note. — The cubic metre Is called the Stere, when used in 
measuring wood or stone, and equals .2759 of a cord, or 1.308 cubic 
yards. 

10 
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AVOIRDUPOIS AKD TROY WEIGHTS. 

245. The unit of weight is the Gramme. 

In these weights there are six multiples of the base 
unit and three sub-multiples. 

The multiples of the base unit are, decagramme^ 
hectogramme^ myriagramme^ quintal^ millier^ or ton- 
neau. 

The sub-multiples of the base unit are dectgrammej 
centigramme^ milligramme. 

The lowest of these denominations is the Milli- 
gramme, and the highest, millier, or Toneau. 

246. The scale is uniform, being ten. 

Note. —Let the pupils construct the table. 

247. To find the namerical value of the gramme 
in ounces Avoirdupois. 

liXplanatioii. — a. By the definition, the gramme equals In 
weight one-millionth of a cubic metre of 
rain water. 

b. A cubic metre contains 35.314454 cubic 

feet. 

c. A cubic foot of rain water weighs 1000 

ounces Av. Hence, a cubic metre 
weighs 35314.454 ounces Av., or a 
gramme weighs .035 oz. Av. 

248. To express Avoirdupois weight in terms of 
the Metric System. 

Explanation. —This being the reverse of 247, find an equiv- 
alent value in ounces avoirdupois. 

Then find an equivalent value in grammes. 
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249. TABLE OF EQUIVALENTS. 

A Metre, measure of length, 



"1 



Equals 39.37 inches. 

Or 3.28 ft. 6. - 

Or 1.0936 yds. 



1 inch equals .0254 metre. 
1 foot ** .3048 metre. 
1 yard " .9144 metre. 



An Are, measure of surfaces, 

f Equals 119.6 sq. yds. , f 1 sq. yd.eqm 

I Or 8.963 sq. rds. '| 1 sq. rd. " 

A Litre, measure of capacity. 



r Equals 61.02 cu. inches. 
a.\ Or .908q. D. M. b.- 

Or 1.066 " L. M. 



1 cubic inch equals .0163 litre. 
1 quart D.M. " 1.1013 litre. 
1 quart L. M. " .946 litre. 



A Gramme, measure of weight, 

f Equals 16.432 grs. T. W. ^,, , , ^^.o 

^' \ Or .036 oz. Av. W. ^- "I ^ ^^^ ®^^*^® '^^^ gramme. 

A Stere, measure of solids, 

(Equals 36.3144 cu. ft. f 1 cu. ft. equals .0283 stere. 

Or 1.3079 cu. yds. 6. -j 1 cu. yd. " .764 stere. 

Or .2759 cords. [ 1 cord " 3.62 ster^. 

Note. — The above equivalents are never given in ea»c« values. 
Only approximate values are possible in most cases. 



250. Addition of Compound Numbers. 

In adding compound numbers we must observe how 
many units of the denomination added make one unit 
of the next hio^her denomination. 



*o*' 
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In this respect alone the addition of compound num- 
bers differs from the addition of simple numbers. 



Add Add 






Add 


£ a. d. 6tt. pk. qt. pt 




wk. 


da. hr. 


mi. tee. 


4 9 3 24 2 5 2 




2 


5 21 


40 16 


5 16 8 11 1 3 




1 


7 20 


43 38 


9 16 7 15 1 5 1 




3 


1 17 


56 51 


3 12 9 7 2 4 5 




5 


6 16 


19 18 


23 15 3 








Add 




Add 






lbs. oz. pwt. grs. tq.m. A. 


s. 


sq.rd 


. sq. yd. 


sq.ft. sq.in. 


19 9 20 16 11 120 


2 


12 


7 


2 131 


16 8 19 20 34 360 


2 


35 


6 


5 99 


1 11 6 32 386 


3 


14 


3 


4 123 


8 3 15 14 18 587 


2 


12 


8 


141 


1 7 17 19 12 150 


1 








3 92 


Add Add 






Add 


lb. i 5 9 gr. mi. fur. rd. yd. ft. in. 


ctt. yd. eu.ft. cu.in 


9 2 5 10 12 7 39 5 


2 


10 


20 


29 1205 


1 2 1 15 11 6 38 4 


1 


9 


19 


30 1250 


12 1 7 2 19 10 5 37 3 





8 


18 


31 1125 


10 4 5 13 9 4 36 2 


1 


7 


17 


32 1052 


Add 






Add 




T. ewt. qr. lb. oz. 


C. 


s. 


o 


/ tr 


65 15 3 21 9 


IOC 


1 11 


59 


49 39 


64 16 2 22 8 


9S 


t 9 


49 


39 29 


63 17 3 23 7 


18 


1 10 


39 


29 9 
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251. Subtraction of Compound Numbers. 

In subtracting one compound number from another 
we must observe how many units make one unit of the 
next higher denomination. 

In this respect alone subtraction in compound num- 
bers differs from subtraction in simple numbers 



(1-) (2.) 
£ 8, d, far, gal. qt, pt, gi. 

From 22 19 2 3 From 35 2 1 


(3.) 

btt.pk.qt.pt. 
From 15 2 2 


Take 14 


12 10 2 Take 31 3 1 3 


Take 12 3 3 1 


Kem. 8 


6 4 1 Rem. 


Rem. 


From 41 


(4.) (5.) 
cxet. gr. lb. oz. dr. lb. oz. pwt. gr. 
19 3 14 15 13 From 45 9 11 18 


Take 40 


19 3 


15 15 14 Take 22 10 12 19 


Kem. 




Bem. 


lb. 
From 14 


(6.) 

S 5 

9 5 


3 gr. lek. 
2 12 From 34 


(7.) 

da. hr. min. sec. 
2 15 59 49 


Take 11 


8 6 


2 13 Take 33 


5 21 59 51 


Bem. 




Rem. 




(8.) 

sq.mi. A. B. 

Prom 26 121 3 


(9-) 

sq.rd.sq.yd. C. s. ° ' 

39 30 From 15 11 5 55 58 


Take 24 120 2 


39 31 Take 12 11 6 56 59 



Eem. 



£em. 
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(10.) (11.) 

nU. JhJir. rd, yd. ft. in. A. R. aq.rd. sq.yd. sqjt. tq.in. 

From 21 7 21 4 2 9 From 10 2 30 19 7 121 

Take 15 6 31 5 3 11 Take 9 2 29 19 6 132 



Eem. 




Bern. 






(12.) 




(13.) 






cu. yd. cu. ft. 


cu.in. 


mi. eh. 


rd. 


u. 


From 123 14 


1128 


From 1 5 


7 


12 


Take 122 15 


1129 


Take 6 


8 


15 



Eem. 



Rem. 



252. Multiplication of Compound Numbers. 

In multiplying, as in adding or subtracting compound 
numbers, we must observe how many units of the de- 
nomination multiplied, make one unit of the next higher 
denomination. 

In this respect alone multiplication in compound 
numbers diflfers from multiplication in simple numbers. 

(1-) (2.) 

£ 8. d. far. A. B. aq.rd. sq.yd. sq.ft. 

Multiply 21 19 11 3 Multiply 3 2 13 27 6 
By 2 By 3 



Prod. 


43 


19 11 2 
(3.) 




Prod. 




(4.) 








C. 


«. » 


f 


It 




?«• 


pt. 


gi. 


Multij 


)ly 15 


11 59 


59 


59 


Multiply 8 


3 


2 


By 








4 


By 






5 



Prod. 



Prod. 
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(5.; 

hu. pk. qt. 

Multiply 7 3 7 

By 6 



Prod. 

(7.) 
gal. qt. 

Multiply 3 2 
By 



pt. 
1 
8 



Prod. 

(9.)' 
mi. fur. rd. yd. 
Multiply 3 5 17 12 

By 



fi. 
10 



in. 
10 
10 



Prod. 

(11.) 

T. ewt. qr. lb$. oz. dr. 

Multiply 7 4 3 24 15 14 
By 12 



(6.) 
bu. pk. 
Multiply 9 3 
By 



Prod. 

(8.; 

qt. 

Multiply 3 

By 



pt. 
1 



Prod. 

(10.) 
lb. I 5 

Multiply 5 7 5 



qt. 
7 
7 



gi. 
3 
9 



9 
11 



Prod. 

(12.) 

v)k, da, hr, min, sec. 
Multiply 3 4 5 6 7 
By 13 



Prod. 



Prod. 



253. BiTlsion of Compound Nmnbers. 

In the division of compound numbers we must ob- 
serve how many units one unit of the denomination 
divided makes of the next lower denomination. 

In this respect alone division in compound numbers 
differs from division in simple numbers. 
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Divide 7 cwt., 1 qr., 23 lbs., 7 oz. by 4. 

Explanation. operation. 

One-fourth of 7 cwt. is 1 cwt., cwt, qr, lbs, oz. drs, 

with a remainder of 3 cwt. Re- 4) 7 1 23 7 
ducing 3 cwt. to qrs. and adding 1 8 l2 1 12 

the 1 qr., the new dividend is 13 qrs. 

One-fourth of 13 qrs. is 3 qrs., with a remainder of 1 qr. Reduc- 
ing the 1 qr. to pounds and adding the 23 pounds, the new dividend 
is 48 pounds. 

One-fourth of 48 lbs. is 12 lbs. 

One-fourth of 7 oz. is 1 oz., with a remainder of 3 oz. Reducing 
the 3 oz. to drams the new dividend is 48 drs. 

One-fourth of 48 drs. is 12 drs. 

Hence, one-fourth of 7 cwt., 1 qr., 23 lbs., 7 oz., is 1 cwt., 3 qrs., 
12 lbs., 1 oz. 12 drs. 

In a similar manner perform the operations indicated 
in the following examples : 

(1.) (2.) 

mi. rd. ft. 4r *q.rd. sq.yd. sq.ft. tq.in. 

6 )57 4 12 12 )34 32 8 5 48 

Quo. 9 64 2 Quo. 

(3.) (4.) 

mi. rd. ft. ed. ad. ft. eu.ft. eu, in. 

3)20 25 15 9)43 4 11 1512 



Quo. 

T. 
7)3 


(5.) 
met. lb. 
4 6 


Quo. 

oz. wk. 
12 4)3 


(6.) 
da. hr. 
2 5 


35 


see. 
49 


Quo. 




Quo. 
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(7.) (8.) 

£ 8. d.far. 8q,mi, A, B. aq.rd. sq.yd. aq^t. aq.in. 
5 )17-9 8 1 6 )121 131 3 31 13 2 140 
Quo. Quo. 

Note. — a. The pupils should prove each example in subtraction? 
by making it an example in addition of compound numbers. 

b. Each example in multiplication should be verified by division, 
and each example in division should be verified by multiplication. 

c. Each step in the process should be fully and clearly explained 
by the pupils as they proceed with the operation. 

(2. To understand an explanation given in the book, or by the 
teacher, and to be able to give the explanation, unaided by the 
teacher, are quite different things. No pupil should be satisfied to 
simply understand what is explained to him ; he ought to be able to 
give a good explanation himself, of every example or problem in a 
lesson, before leaving it. 

c. Having acquired facility in performing the merely mechanical 
processes, and having mastered the logic of the process, before leav- 
ing the subject, the pupil should write out carefully a rule for per- 
forming the process. 

REDUCTION OF DENOMINATE FRACTIONS. 

254. A denominate fraction is one which expresses 
one or several of the equal parts of a denominate num- 
ber. 

266. A denominate fraction may be changed from 

a. One of a higher to one of a lower denomination. 

b. One of a lower to one of a higher denomination, 

c. A fraction to integers gf lower denominxitions. 

d. Integers of a lower to a fraction of a higher de- 
nomination, . 

266. To reduce a denominate fraction from a 
higher to one of a lower denomination. 
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1. Beduce | of an hour to an equivalent fraction of 
a lower denomination. 

Snrecs^oii. — What part of 1 minate is f of 60 minutes? 
What part of 1 second is ^ o^ 60 seconds? 
Then, } of an hour is what part of a minute? 
Then, } of an hour is what part of a second? 

2. Keduce | of a bushel to the fraction of a peck. 

3. Beduce | of a peck to the fraction of a pint. 

257. To reduce a denominate, fraction from a 
lower to one of a higrher denomination. 

1. Eeduce ^ of a pint to the fraction of a peck. 

Slinestioii. — i of a pint is what part of a quart, or 2 pints? 
^ ota, quart is what part of a peck, or 8 quarts? 
Then, ^ of a pint is what part of a peck? 

2. Reduce | of a pint to a fraction of a gallon. 

3. Reduce f of an inch to a fraction of a yard. 

258. To reduce a denominate fraction to integers 
of a lower denomination. 

1. Reduce | of a sq. yd. to integers. 

Suggestion. — f of a sq. yd. is f of 9 sq. ft., or 6| sq. ft. 
} of a sq. ft. is } of 144 sq. in. 
Then, | of a sq. yd. equals what? 

1. Reduce -J^ of a mile to integers. 

2. Reduce | of a furlong to integers. 

3. Reduce | of an acre to integers. 

4. Reduce ^ of a rod to integers. 

250. To reduce a denominate number to an equiv- 
alent fraction of a higlier denomination. 



Digitized 



by Google 



BEDUCnON OP DENOMINATE FBAGTIONS. 155 

1. Change '2 feet 3 inches to the decimal of a yard. 

Suggestioii. — 3 inches is what decimal of a foot? 
2.25 ft. is what part of a yard? 
Why divide by 3? 

2. Change 2 pints to the fraction of a peck. 

3. Change 3 pints to the fraction of a bushel. 

4. Change 8 sq. rds. to the fraction of an acre. 

5. Reduce ^ of a foot to rods. 

6. One-eighth of an inch is what part of a rod? 

7. One-fifth of a quarter is what part of a ton? 

8. One-third of a grain Troy is what part of an 
ounce ? 

MISCELLANEOUS EXAMPLES. 

1. Reduce | of a mile to the fraction of an inch. 

2. Reduce ^^ of a mile to integers of a lower de- 
nomination. 

3. Reduce ^ of a pound to the fraction of a ton. 

4. Reduce ^ of a £ to the fraction of a farthing. 

5. J of a £ to integers of a lower denomination. 

6. Reduce ^ of a farthing to the decimal of a £. 

7. What decimal of a yard is | of a foot? 

* 8. What decimal of a day is |^ of a minute? 
9. What fraction of a minute is | of a day? 

10. Reduce f of a cwt. to integers of a lower de- 
nomination. 

11. Reduce f of a shilling to lower denominations. 

12. Reduce .1357 of a yard to integers. 

13. Reduce ^ of a £ to the fraction of a farthing. 

14. Reduce .4763 of £ to integers. 
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15. Reduce y\ of a year to integers. 

16. Reduce | of a day to integers. | of an hour to 
integers 

17. From |^ of a day subtract | of an hour. 

18. To f of a day add | of an hour. 

19. From y\. of a ton subtract y®y of a cwt. 

20. To y*y of a ton add ^j of a cwt. 



LONGITUDE AND TIME. 

260. Longitude and Time are employed in deter- 
mining, 

a. The difference of longitude between two places^ 
when their difference of time is known. 

b. The difference of time between two placesy when 
their difference of longitude is known. 

261. The solution of these two problems in longi- 
tude and time dc^pends on two facts : 

a. The fact that the earth revolves on its axis once in 
twervty-four hours, 

b. The fact that 360^ make one circumference. 

From these two facts it follows : 

"" Tliat 1 hour of time corresponds to 15° of 

longitude. 
J That 1 minute of time corresponds to 15' of 
longitude. 
That 1 second of time corresponds to 15" of 
longitude. 



Digitized 



by Google 



2d.^ 



BEDUCTION OF DENOMINATE NUMBERS. 157 

That 1° of longitude coi^responds to 4 minutes 

of time. 
That V of longitude corresponds to 4 seconds 

of time. 
That 1" of longitude corresponds to ^ seconds 

of time. 

This constant relation which subsists between the 
difference of longitude and the difference of time be- 
tween any two points on the Earth's surface, enables 
us to determine 

TTieir difference of time from their diffei^ence of 
longitude. 

Their difference of longitude from their difference 
of time. 

262. To rednoe Liongritade to Time. 

1. In 5° of longitude how many minutes of time? 

Suggestion. — In 1° there are how many minutes of time? 
Then, 6° equal how many minutes of time? 

2. In 5' of longitude how many seconds of time? 

Suggestion. — 1' of longitude equals how many seconds of 
time? 
Then, 6' of longitude equal how many seconds 
of time? 

3. In 5° 5' of longitude there are how many seconds 
of time? 

4. In 5° 5' 5" of lono^tude there are how many 
seconds of time? 

263. To Reduce Time to Longitude. 
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1. Eeduce 20 minutes of time to longitude. 

Suggestion. — 1 minute of time equals how many minutes of 
longitude? 
Then, 20 minutes of time equal how many 
minutes of longitude? 

2. Reduce 20 seconds of time to longitude. 

Suggestioii. — 1 second of time equals how many seconds of 
longitude? 
Then, 20 seconds of time equal how many 
seconds of longitude? 



MISCELLANEOUS EXEBCISES. 

1. The city of Washington is in west long. 77° 2' 
48", and Boston is in west long. 87° 4' 9". Find their 
difference in time. 

2. At 10 A. M. in Boston, is it earlier or later in 
Washington. 

3. Columbus is 83° 3' west long. ; and when it is 
37 min. 33 sec. past 1 p. m., it is 11 o'clock a. m. at 
San Francisco. Find the longitude of the latter place. 

4. Is it always earlier, or later, at all points east of 
us? Why? At all points west of us? Why? 

5. A celestial phenomenon which was observed at 
the same time at Boston, Greenwich, and St. Peters- 
burg, occurred at 45 min. 46 sec. past 7 o'clock p. m. 
at Boston, and at 30 min. past midnight following, at 
Greenwich. Taking the longitude of Greenwich as 0°, 
and that of St. Petersburg as 30° 19' east, at what 
time did it occur at St Petersburg? What is the 
longitude of Boston? 
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DUODECIMALS. 

'^ 264. Duodecimals are a species of fractions some- 
times used in linear ^ superficial^ or cubic measure. 

a. The denominator of a common fraction may 
be any number. 

6. The denominator of a decimal is 10, or some 
power of 10. 

c. The denominator of a duodecimal is 12 or 
some power of 12. 

265. In decimal fractions, the denominator, though 
unwritten, is determined by the decimal point. 

In duodecimals, the denominator, though unwritten, 
is determined by certain characters, called indices. 

Twelfths of a foot or inches are read pHmeSy and 
marked thus: '. 

Twelfths of an inch are read seconds^ and marked 
thus: ". 

Twelfths of a second are read thirds^ and marked 
thus: '". 

Twelfths of a third are read fourthfi^ and marked 
thus: "". 

GENERAL LAWS. 

1. Twelve units of any denomination make one unit 
of the next higher denomination, 

2. One unit of any denomination makes twelve units 
of the next lower denomination. 

Hence, The denominator of primes is 12^ 
The denominator of seconds is 144. 
The denominator of thirds is 1728. 
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266. All the operations in duodecimals are per- 
formed in the same manner as the corresponding 
operations in compound numbers, generally, the scale 
in this case being 12. 

a. The product of a duodecimal by any abstract 
number expresses length. 

b. The product of two duodecimals expresses super- 
ficial contents. 

c. The product of three duodecimals expresses cubic 
contents. 

EXAMPLES. 

1. Find the superficial contents of the floor of a 
room 12 ft. 8' in length, and 11 ft. 9' in width. 

FIKST OPERATION. 

Explanation.— The prod- 12 ft. 8' Multiplicand, 
uctof 8'by9'is72". Since 12" n ft. 9' MultipUer. 

make 1', 72" make 6'. Multiply- 

ing 12 ft. by 9' the product is ^ ^*- ^' ^^t. Partial product. 
108'. Since 12' make 1 ft., 108' ^^^ ^' ^' 2d. Partial product, 
make 9 ft. Multiplying 8' by 11 nTftTlO' Total product, 
ft. the product is 88'. Since 12' 

make 1 ft., 88' make 7 ft. 4'. The product of 12 ft. by 11 ft. is 132 
ft.; 132 ft. plus 7 ft. gives 139 ft. FinaUy, 9 ft. 6', and 139 ft. 4' 
make 148 ft. 10'. 

SECOND OPERATION. 

12 ft. 8' equal 12^ ft. 

11 ft. 9' equal 11^ ft. 

The product of 11 ft. by 12 ft. is ..132 ft. 1st. Partial prod. 

The product of ^ ft. by 11 ft. is « 7^ ft. 2d. Partial prod. 

The product of 12 ft. by ^7 ft. is 9 ft. 3d. Partial prod. 

The prod, of ^ ft. by ^^ ft. is ^, or.. ^ ft. 4th. Partial prod. 

um ft. Total prod. 
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2. The area of the floor of a room is 148 ft. 10', 
and its width is 11 ft. 9'. Find the length of the room. 

Ei^planation.— Since 148 ft. 10', operation. 

the area of the room, is the product of Divisor. Dividend. Quotient. 
Its length by its width, if we divide H ft.9') 148 ft. 10' (12 ft. 8' 
148 ft 10' by 11 ft. 9' the quotient must ^^^ ^^' Q' 

be the length of the room. . 148 ft., ^ £^ ^q, _. g^, 

the first term of the dividend, divided ' g^r 

by 11 ft., the first term of the divisor, 

gives 12 ft. the first term of the quo- . 00 

tient. The product of 11 ft. 9' by 12 ft. is 141 ft. Subtracting 141 ft. 
from 148 ft. 10*, the remainder is 7 ft. 10' which, reduced to primes, 
gives 94'. The first term of the divisor is contained in 94' eight 
primes times. Multiplying 11 ft. 9' by 8' we get for a product 94'. 
Subtracting 94' from 94' the remainder is zero. 

3. Find the product of 8 ft. 11' by 7 ft. 9'. 

4. The ceiling of a room is 16 ft. 5' in length, and 
13 ft. 7' in width, what is its area? 

5. Find the superficial contents of the walls and 
ceiling of a room whose length is 18 ft. 8', height 9 ft. 
9', and width 14 ft. 7'. 

6. Find the cubical contents of a block of wood 
which is 2 ft. 3' long, 1 ft. 11' wide, and 1 ft. 7' thick. 

RATIO. 

ORAL EXERCISES. 

1. Six is how many times 3? 

2. Three is what part of 6? 

3. Four is how many times 2? 

4. Two is what part of 4 ? 

5. Eight is how many times 4? 

6. Four is what part of 8? 

11 
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In example 1, 2 is the ratio of 6 to 3 ; in example 2, 
^ is the ratio of 3 to 6 ; in example 3, 2 is the ratio of 
4 to 2 ; in example 4, ^ is the ratio of 2 to 4 ; in exam- 
ple 5, 2 is the ratio of 8 to 4 ; in example 6, ^ is the 
ratio of 4 to 8. 

267. Katio is the quotient arising from the division 
of one mimber by another of the same denomination. 
Tlius : The ratio of 12 to 3 is 4 ; the ratio of 12 horses 
to 3 horses is 4 ; the. ratio of 12 men to 3 men is 4 ; 
the ratio of 12 oz. to 3 oz is 4 ; the ratio of $12 to $3 
is 4. 

What is the ratio 

1. Of 3 to 12? 

2. Of 3 horses to 12 horses? 

3. Of 3 men to 12. men? 

4. Of 3oz. to 12 oz.? 

5. Of $3 to $12? 

6. Of 21 to 7^? 

268. The number expressing the ratio of one num- 
ber to another is always abstract. 

260. Ratio is indicated by a colon, thus, 2:14, and 
is read 2 is to 14. It is sometimes expressed in the form 
of a fraction, thus, y\. 

270. A simple ratio subsists between only two terms, 
thus, 3 : 15, or 15 : 3 ; 9 : 18, or 18 : 9 ; 21 : 7, or 7 : 21. 

271. A compound ratio is composed of two or more 
simple ratios, thus : 



7. 


Of 7» to 2J? 


8. 


Of 1 to 11? 


9. 


Of * to « ? 


10. 


Of |to|? 


11. 


Of f to U? 


12. 


Of 31 to 5^? 



17: 



12 (-4:6 

21 2,\7:d 

8:16 



3. 



'2:1 




' 6:16 


8:5 




15:16 


4:7 


4. 


16:18 


6:3 




18:24 
24:30 



Digitized 



by Google 



RATIO. 



168 



These compound ratios may be expressed thus : 

•l. 6X7:12X21. 2. 4X7X8:6X9X16. 

8. 2X3X*X6:1X6X7X8. 
4. 6X16X16X18X24:15X16X18X24X30. 

These ratios may be otherwise written, thus : 



6 X 7 ^^ , 
1 — Oi — , or*. 

^' 12 X21 

2XlXiXJ, or If. 
^- 1X6X7X3' 



4. 4 X7X 8 
6X^X16' 



orii. 



2. 5X16X16X^8X 24 ^^ , 
15X16X18X24X30* *' 



272. The terms of a ratio taken together are called 
a couplet. The first term of a couplet is the antece- 
dent, the second term the consequent. 

273. When a ratio is expressed in a fractional form, 
the antecedent is the numerator, and the consequent is 
the denominator. 

EXERCISES. 

Express the following compound ratios in fractional 
form, and reduce thfem to their lowest terms, as in 271. 



5:20 


r 6;1 


12:15 


' 6:18 


15:8 


2:8 


14:10 


12:9 


2:10 2. 


4:12 3. . 


11:33 ^ 


14:4 


1:6 


7:14 


13:82 


21:28 




^21:28 


.27:54 


15:25 
-32:16 



274. The fundamental principles of fractions, 126, 
apply to ratio. 

EXERCISES ON THE FUNDAMENTAL PRINCIPLES. 

1. Multiplying the antecedent has what effect on the 
ratio? Why? 
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2. Multiplying the consequent has what effect on the 
ratio? Why? 

3. Dividing the antecedent has what effect on the 
ratio? Why? 

4. Dividing the consequent has what effect on the 
ratio? Why? 

5. Multiplying both terms of a ratio by the same 
number has what effect on the ratio? Why? 

6. Dividing both terms of a ratio by the same num- 
ber has what effect on the ratio? Why? 

SIMPLE PROPORTION. 

276. A simple proportion is an equality between two 
ratios, and subsists between /bwr terms, when the ratio 
of the first to the second equals the ratio of the third to 
the fourth. Thus, 3 : 12 = 14 : 56, and is read, the ratio 
of 3 to 12 equals the ratio of 14 to 56. This equality 
of ratios is indicated by a double colon, thus, 3 : 12 : : 
14:56. 

276. In every proportion the product of the extreme 
terms equals the product of the mean terms ; that is, 
3 X 56 = 12 X 14.' 

277. This principle enables us to find any one of the 
four terms of a proportion, when the other three are 
known. 

ILLUSTRATIONS. 

1. To find the fourth term^ divide the product of the 
second and third terms by the first. 

2. To find the third term^ divide the product of the 
first and fourth terms by the second. 
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3. To find the second term^ divide the product of the 
first and fourth terms by the third. 

4, To find the first term^ divide the product of the 
second and third terms by the fourth. 

mustration.— The first, second, and third terms are 9, 18, 
and 5; what is the fourth term? This incomplete proportion is 
written, 9: 18: : 6: what number? Since 5X18, or 90, is 9 times 
the number, the fourth term must be 90-^9, or 10. The complete 
proportion is 9 : 18 : : 5 : 10. 



EXERCISES. 

Find the missing terra in the following : 



1. 


2:6::4: what ni 


imber? 




2. 


7 : 14 : : 10 : what number? 




3. 


11 : 22 : : 9 : what number? 




4. 


2:6 :: — :12. 


9. 11: 


— ::9:18. 


5. 


7 : 14 : : -^ : 20. 


10. — 


■6:: 4: 12. 


6. 


11:22::— : 18. 


11. — 


•14:: 10: 20. 


7. 


2:— ::4:12. 


12. — 


: 22:: 9: 18. 


8. 


7 : — : : 10 : 20. 







Give a full analysis in each of the preceding exam- 
ples, and show how the general principle in 276 applies. 

278. As a ratio can subsist only between quantities 
of the same denomination, the missing term in any 
couplet must be of the same denomination as the other 
term of that couplet. 

lOustration. — In the proportion 10 men : $50 : : 30 men : $150, 
the terms should stand, 10 men : 30 men : : $50 : $150. Hence, when 
the missing term is men the iJUrd term must be vnen; when the missing 
term is dollars the third term must be dollars. 

279. The third term in every proportion is always 
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of the same denomination as the missing terra, which 
is always ih^ fourth term in the complete proportion. 

280. In solving a problem by proportion, the first 
thing to be determined is the denomination of the fourth, 
or missing term. This determines the third term. 

ORAL EXERCISES. 

Determine the third term. 

1. If 8 men can do a piece of work in 2 days, how 
many men will be required to do the same work in 4 
days? 

2. If $30 purchase 5 barrels of flour, how many 
barrels will $60 purchase ? 

3. If you walk 9 miles in 3 hours, how many miles 
can you walk in 18 hours? 

4. If it take 3 hours to walk 9 miles, how many 
hours will it take to walk 27 miles? 

281. The fourth term in every proportion must be 
less than, equal to, or greater than the third term. 

ORAL EXERCISES. 

Should the fourth term be greater, or less, than the 
third in the four preceding examples (280)? In the 
following? 

1. Five hats cost $20 ; will 40 hats cost more, or less? 
Why? 

2. Ten horses cost $1000 ; will 60 horses cost more, 
or less? Why? 

3. Eight dollars purchase 2 hats ; will $56 purchase 
more, or less ? Why ? 
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4. Twenty cents buy 5 oranges ; will $2 buy more, 
or less? Why? 

5. Twenty oranges cost $1 ; will 3 oranges cost more, 
or less? Why? 

6. A man can walk 20 miles in 5 hours ; can he walk 
a greater, or less, number of miles in 2 hours? Why? 

7. Twelve men do a job of work in 6 days ; can 4 
men do it in a greater, or less, time? Why? 

282. If from the nature of the question the fourth, 
or missing, term should be greater than the third term, 
the greater of the two remaining terms must be the 
second, and the leas of the two remaining terms must be 
the first term of the proportion. 

1. i/* 4 horses cost $500, what will 20 horses cost? 

Solution. — As the answer is to be dollars, the third term of 
the proportion mast be 500. Since 4 horses cost ^500, 20 horses 
will cost more than ^500 ; hence 20 is the second term of the propor- 
tion, and 4 is the first term. Thus, 4 : 20 : : $500 : the missing term. 

Solving this, we get ^^X^OO __ 2500. Hence, 20 horses wiU cost 

4 
$2500. 

2. If $500 buy 4 horses, how many horses will $2500 
buy? 

Solution* — As the answer is to be horses, the third term must 
be 4. Since $500 buy 4 horses, $2500 will buy a greater number of 
horses ; hence 2500 is the second term of the proportion, and 500 is 
the first term. Thus, 600 : 2500 : : 4 : the missing term. Solving 

this, we get 1^??52 = 20. Hence, $2500 wiU buy 20 horses. 
500 

283. If from the nature of the question the fourth, 
or missing, term should be less than the third term, the 
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less of the other two remaining terms must be the sec- 
ond, and the greater of the other two remaining terms 
must be the first term of the proportion. 

1. If $2500 buy 20 horses, how many horses will 
$500 buy? 

Solution. — As the answer is to be horses, the third term must 
be 20. Since $2600 buy 20 horses, $600 wiU buy a less number of 
horses; hence $500 is the second, and $2500 the first term of the pro- 
portion. Thus, 2500 : 600 : : 20 : the missing term. Solving this, 

we get ^^^^^ = 4. Hence, $500 wiU buy 4 horses. 
^ 2600 

2. If 20 horses cost $2500, what will 4 horses cost? 

Solution* — As the answer is to be dollars, the third term must 
be dollars. Since 20 horses cost $2600, 4 horses will cost less; hence 
4 is the second, and 20 is the first term of the proportion. Thus : 

20 : 4 : : 2600 : the missing term. Solving this, we get ^ ^ ^^^ z=z 

600. Hence, 4 horses will cost $600. 



STATEMENT IN PROPORTION. 

KuLE. — I. Determine the denomination of the an- 
swer . (Art. 278.) 

II. The given term which is of the same name a« the 
answer y must he made the third term of the proportion. 

III. If from the nature of the question the answer 
should he greater than the third term^ the greater of the 
two remaining terms tnust he made the second term of 
the proportion. (Art. 282.) 

IV. If from the nature of the question the answer 
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should be less than the third term^ the less of the two re- 
maining terms must be the second term of the propor^ 
tion. (Art. 283.) 

V. Multiply the third term by the second^ and divide 
the product by the first term. (Art. 276.) 

Note. — If the terms in any couplet contain different denominations^ 
reduce them to the lowest denomination in either. 

MISCELLANEOUS EXAMPLES. 

1. If 4 oranges cost 24 cents, what will 9 oranges 
cost? 54 cents. 

2. A man can walk 27 miles in 9 hours ; how far can 
he walk in 5 hours? 

3. The interest on $315 for a given time at a given 
rate per cent is $31.50 ; what is the interest on $231 for 
the same time at the same rate? 

4. If $1624 yield $16.24 interest in a certain time at 
a certain rate, what principal, in the same time at the 
same rate, will yield $50.75 interest? $5075. 

5. A and B in trading farms value them respect- 
ively at $50.15 and $65 per acre. If the real value 
of B's is $52 per acre, what is the real value of A's per 
acre? 

6. If 92 yards of cambric line 75 yards of broad- 
cloth when the cambric is 3 quarters wide, how many 
yards will be required to line it when the cambric is 
1^ quarters wide? 

7. A marble slab 20 feet long, 3 feet wide, 6 inches 
thick, weighs 1200 pounds. Find the len^h of a slab 
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of equal width and thickness, and of equal density, 
which weighs 2700 pounds. 

8. Find the cost of 7^ acres, if 9J cost $148. 

9. My salary, paid in currency, is $2250 on a gold 
basis when gold is quoted at 113. What is my salary 
worth when gold is quoted 112^? 

10. If 6^ yards of silk cost $19^, how much will 3J 
yards cost? 

11. If I of a barrel of flour cost $3|, what is the 
cost of 7J barrels. 

12. Four men can do | of a piece of work in J of a 
week, in how many days can they do | of it? 

13. How many more revolutions will the fore-wheel 
of a carriage, which is 11 feet 9 inches in circumfer- 
ence, make, than the hind-wheel which is 13 feet 2 
inches, in going one mile? 

14. Find the value of | of a business, ^ of which is 
valued at $3600. 

15. At a certain time of day a pole 15 feet in length 
casts a shadow 20 feet long ; find the hight of a steeple 
which casts a shadow 136 feet at the same time of day. 

16. At what time between 1 and 2 o'clock do the 
hands point in opposite directions ? 

17. At 'what time between 3 and 4 o'clock do the 
hands of a watch point in opposite directions? 

18. At what time between 4 and 5 o'clock are the 
hands together? 

19. When wheat is selling at 7s. 6d. per bushel, a 
baker's loaf Veighs 9oz., how many ounces should it 
weigh when wheat sells for 6s. per bushel? 
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20. A farm containing 46 A. 134 P. rents for $374.70 
per annum, what will be the rent on 35 A. 90 P. at the 
same rate? 

21. If 12 men can do a piece of work in 5^ days, in 
how many days can 8 men and 5 boys do the work, if a 
man can work 2^ times as fast as a boy? 

22. A prisoner escaped from jail and traveled at the 
rate of 6 miles an hour. In 5^ hours the constable 
started in pursuit, traveling at the rate of 9 miles an 
hour. In how many hours after breaking jail was the 
prisoner overtaken ? 

23. A and B can perform a piece of work in 5y\ 
days. A and C can do the same work in 6 days. B 
and C can do it in 6| days ; in what time can each do 
the work alone, and how long will it take all of them 
together to do it? 

COMPOUND PROPORTION, 

284. A compound proportion involves two or more 
simple proportions ; and any problem in compound 
proportion may be solved as a question in simple pro- 
portion, by making several successive statements. 

ILLUSTRATION. 

1. If 4 men earn $20 in 5 days, how much can 7 men 
earn in 12 days? 

Solution* — As the answer is to be dollars, the third term 
must be 20. Since 4 men earn ^20, 7 men can earn more. Hence, 
4 : 7 : : 20 : 35. Again : Since $35 are earned in 5 days, more can be 
earned in 12 days ; hence, 5 : 12 : : 35 : 84. Hence, 7 men in 12 days 
earn $84. 



Digitized 



by Google 



172 PRACTICAL ARITHMETIC. 



STATEMENT IN COMPOUND PROPORTION. 
ARRANGEMENT OF CONDITIONS. 

1st. Condition : 4 men, $20, 5 days. 

2d. Condition : 7 men, — 12 da^s* 

Statement. — As the answer is to be dollars the third term 

must be 20. Since 4 men earn $20, 7 men earn more. Then, the 

first couplet reads 4:7. Since $20 are earned in 5 days, in 12 days 

more can be earned. Then, the second couplet reads 5: 12. Then, 

* • ^ I : : 20 : the missing term. Solving this, we get ^X^^X^O 
5:12/ "^ ^ ^ 4X5 — "*• 

2. K 20 men, by working 3 hours a day, can do a 
piece of work in 15 days, how many men will be 
required to do the same work in 12 days, working 5 
hours a day? 

ABRANGEMENT OF CONDITIONS. 

1st. Condition: 20 men, 3 hours, 16 days. 
2d. Condition: — men, 5 hours, 12 days. 
1st. What is the third term? Why? 

2d. Will it require more, or less, men to do the work in 12 days 
than it will to do it in 15 days? Why? 

3d. Will it require more, or less, men to do the work when they 
work 6 hours a day, than it will when they work 3 hours a day? 
Why? 

Statement. — I : : 20 : the missing term. 

6:3 J 

Solving this, we get ^ ^ =16 men for the answer. 
STATEMENT IN COMPOUND PROPORTION. 

Rule. — I. Arrange the terms in the second condi-- 
lion under the corresponding terms in the first condi-- 
tion. 

n. Select the third term as in simple proportion. 
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in. Arrange the teiins in each couplet (without ref- 
erence to any of the other couplets) as in simple propor* 
tion. 

TV. Multiply the third term by the continued prod- 
uct of the second terms of the several couplets^ and 
divide this product by the continued product of the 
first terms of the several couplets. 

Note. — If any couplet contains different denominations, reduce 
both terms to the lowest denomination in either term of the couplet. 

MISCELLANEOUS EXAMPLES. 

1. How many men will be required to do a piece of 
work in 25 days, working 7 hours each day, if 30 men 
can dio it in 14 days, working 15 hours each day? 

2. Four men by working 10 hours a day for 12 
days can dig a ditch 24 yards long, 9 feet wide, 5 feet 
deep ; how many hours a day must 3 men work to dig 
a similar ditch 10 yards long, 12 feet wide, 6 feet deep, 
in 10 days ? 

3. A loaned B $1500 for 9 months when money was 
worth 7 per cent. ; for what time must B loan A $1800 
when money is worth 3^ per cent, per annum? 

4. What sum of money loaned at 6 per cent, for 10 
months will yield the same income as $750 loaned for 
12 months at 4 per cent. ? Ans. $600. 

5. It requires 200 men to build a stone wall 100 rods 
long, 4 feet high, 3^ thick, in 2 days, working 6 hours 
a day. How many men will be required to build a 
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wall 75 rods long, 5 feet high, 7 feet thick, if the work 
is 2^ times as difficult ? 

6. If 5 oxen or 7 cows eat the grass on 3y*y acres ui 
87 days, in what time will 3 cows and 2 oxen eat the 
grass on IQjj acres. 

7. A man bought city lots at $40 per front foot, 
which were supposed to measure 961 feet. There was 
an error of | of an inch in the 12 foot pole used in 
measuring it. How much was he cheated? 

8. A marble slab 15 feet long, 2Jfeet wide, 4 inches 
thick, weighs 2000 lbs. ; what is the thickness of a 
similar slab 25 feet long, 5 feet wide, weighing 3500 
lbs? 

9. It requires | of a bushel of oats to keep 4 horses 
^ of a day, how many horses will 9 bushels feed f of 
a day? Ans. 160. 

10. If 20 acres in St. Louis are worth 30 acres in 
Cincinnati, 50 acres in Cincinnati are worth 45 acres in 
Chicago, 25 acres in Chicago are worth 20 acres in Bos- 
ton, and 33 acres in Boston are worth 40 acres in New 
Orleans, how many acres in St. Louis are equal in 
value to 1800 acres in New Orleans? 

11. Forty men agree to do a piece of work in 50 
days, but after working 9 hours per day for 30 days, 
they find thej^ have completed but ^ the work. How 
many extra men must they employ to finish the work 
according to agreement by working 10 hours per day? 

12. Fifteen men eat 13 shillings* worth of bread in 
6 days, when wheat is sold at 12 shillings per bushel; 
in what time will 30 men eat 43^ shillings' worth, when 
wheat is selling at 10 shillings per bushel? 
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13. If lOJ yards are required to make a suit of 
clothes, how many yards must a man buy when the 
cloth is 1| yards wide, so as to allow for shrinkage 5 
per cent, in length, and the same in width? 

14. If the type for a book of 84 pages, 50 lines on 
a page, lines averaging 8 words, 1^ syllables to a word, 
2^ letters to a syllable, was set by two men in five 
days of 12 hours each, how many pages of a book, 
each page containing 75 lines, averaging 5^ words each, 
2 syllables to a word, 3 letters to a syllable, would be 
set by 7 men, laboring 8 hours a day for the working 
days of a week? 

15. If 12 men, in two months of 4 weeks each, work- 
ing 6 days per week, 12 hours a day, can set the type 
for 12 books of 600 pages, 120 lines to a page, 20 words 
to a line, 10 letters to a word, in how many months of 
4| weeks each, will 7 boys, working 4 days per week, 
16 hours a day, set the type for 6 books, of 500 pages 
each, 150 lines to the page, lines averaging 24 words, 
4J letters to a word, each boy doing ^ of the work of 
a man? 

285. GENERAL REVIEW. 

I. Ratio. 

1. Define ratio. 

2. Simple ratio. 

3. Compound ratio. 

4. Antecedent; consequent. 

a. Which is dividend? 
6. Which is divisor? 
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5. Define couplet. 

6. How many terms in a couplet? 

7. How is ratio indicated? 

8. Is the ratio abstract or concrete? 

9. Ratio subsists between what quantities? 

10. In a compound ratio how many couplets? 

11. How changed to simple ratio? 

12. State fundamental principles. 

a. Multiplying antecedent. 
6. Multiplying consequent. 

c. Dividing antecedent. 

d. Dividing consequent. 

e. Multiplying antecedent and consequent. 
/. Dividing antecedent and consequent. 

13. Ratio between fractions. 

14. Ratio between compound numbers. 

II. Simple Proportion. 

1. What is a simple proportion? 

2. How many terms? 

3. Which extremes? Which means? 

4. How many couplets? 

5. What must be known? 

6. Unknown term, how found? 

7. Third tenn, how determined? 

8. Second term, how determined? 

9. Give the Rule. 

10. State substance of the Note. 
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in. Compound Pbofobtion. 

1. What is a compound proportion? 

2. How many couplets? 

3. Arrangement of conditions. 

4. Couplets, how arranged? 

5. Fourth term, how found? 

6. Differs how from simple proportion ? 

7. How solved by several statements? 

8. Each couplet connected with third term. 

9. Each couplet independent of the others. 
10. Give the Rule. 



PERCENTAGE. 

286. Percentage embraces the calculations which 
are based on one hundred as the standard or unit of 
measure. 

287. Per cent, is an abbreviation of per centum^ 
which means bt/ the hundred. Thus : 

One per cent., written .01, means one hundredth of 
any thing. 

Two per cent., written .02, 1x1^2^11^ two hundredths of 
any thing. 

Five per cent., written .05, means jSva hundredths of 
any thing. 

Ten percent., written ,10, means ten hundredths of 
any thing. 

Twenty per cent., written .20, means twenty hun-- 
dredlhs of any thing. 

12 
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Seventy-five per cent., written .75, means seventy-five 
hundredths of any thing. 

One hundred per cent., written 1.00, means the 
whole of any thing. 

288. Pep cent, being used to denote the rate or num- 
ber of hundredths to be taken, percentage is often used 
to denote the result thus obtained. 

289. The pep cent, sigrn, written %, is read jpe?' 
cent. 

290. The number on which percentage is estimated 
is called the base. 

291. The amoimt denotes the base increased by the 
pepcentage. 

292. The diffepence denotes the base diminished 
by the pepcentagre. 

EXERCISES. 

1. Express three per cent, decimally. Express 4 % 
decimally. 

2. Express six per cent, decimally. Express 7 % 
decimally. 

3. Express eight per cent, decimally. Express 9 % 
decimally. 

4. Express eleven per cent. ; 12%; 13%; 14%; 
15 %. 

5. What part of any thing is 10 % of it? 

6. What part of any thing is 25 % of it? 

7. What part of any thing is 20 % of it? 

8. What part of any thing is 50 % of it? 

9. What part of any thing is 33^ % of it? 
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10. What part of any thing is 40 %of it? 

11. What part of any thing is 60 % of it? 

12. What part of any thing is 66| % of it? 

13. What part of any thing is 12^ % of it? 

14. What part of any thing is 16| % of it? 

15. One-fifth of 100 is what % of 100? 

16. One-tenth of 100 is what % of 100? 

17. One-twentieth of 100 is what % of 100? 

18. One-third of 100 is what % of 100? 

19. One-fifth of any thing is what per cent, of that 
thing? 

20. One-tenth of any thing is what per cent, of it? 

21. One-twentieth of any thing is what per cent. 
of it? 

22. One-third of any thing is what i)er cent, of it? 

23. 50 % of anything represents what part of it? 

24. 33^ % of any thing represents what part of it? 

25. What per cent, expresses the whole of any thing? 

26. Write from one per cent, to one hundred per 
cent, inclusive. 

27. Write in the form of a common fraction, in its 
lowest terms, an equivalent for each of the above per 
cents. 

EXAMPLES. 

1. Find 2 % of 100 ; 1 % of 200. 

2. Find 3 % of 100 ; 1 % of 300. 

3. Find 4 % of 100 ; 1 % of 400. 

4. Find 5 % of 100 ; 1 % of 500. 

5. Find 4 % of 500 ; 5 % of 400. 

6. Find 5 % of 600 ; 6 % of 500. 
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7. Find the difference between 8 % of 900 and 9 % 
of 800. 

8. Find the difference between 12 % of 1000 and 7 
% of 1000. 

9. 33^ % less 25 % of any thing is what % of 
it? 

10. 25 % less 12^ % of any thing is what % of it? 

11. One-eighth of 64 less 12J % of 64 equals what? 

12. One-sixth of 90 less 16| % of 90 equals what? 

13. Find 5 % of 125 ; of 225 ; of 150 ; of 250 ; of 
500 ; of 750. 

14. Find 7 % of 80 ; of 800 ; of 1800 ; of 2800. 

15. Find 12J % of 80 ; of 96 ; of 144 ; of 256 ; of 
512. 

16. Find 40 % of 400 ; 400 % of 40 ; 3 % of 30 ; 
30 % of 300. 

17. Find 10 % of 525 ; of 792 ; of 928 ; of 829 ; 
of 279. 

18. What part of |450 is 12J % of it? 

19. What part of 1450 is 12^ % of it? 

293. Given the base and rate to find th« percent 
age. 

1. Fmd 12 % of 1875. 

Suggestion. — 12 per cent, equals how many hundredtktf 
.01 of ISTfr-eqnals what? 
.12 of 1876 equals what? 

2. What is 15 % of $1876? Of $7581? 

3. TVTiat is 31 % of 1927? Of $2719? 

4. What is 27 % of 3264 sheep? Of $3264? 

5. What is 33^ % of 939 horses? Of $939? 
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294. Given the percentage and base to find the 
rate. 

1. $25 is what per cent, of $125. 

Suggestion. — $1 is what part of $125? y^. 

$26 is what part $126? ^^, or i. 

Find the decimal equivalent. .20, or 20 %. 

2. $8 is what per cent, of $40? Of 48? Of 64? 

3. 9 is what per cent, of 27? Of 36? Of 45? 

4. 6 is what per cent, of 150? Of 200? Of $600? 

5. A man gained $12 on $200 ; what was the rate of 
gain? 

295. Given the percentage and rate to find the 
base. 

1. A man paid $12 for the use of a certain amount 

of money, at the rate of 6 % ; what amount did he 

borrow? 

Suggestion. — How many cents did he pay on each dollar? 
6 cents is what part of 100 cents? 
Then, $12 is what part of the amount borrowed? 
Finally, $12 is yj^ of what number? 

2. What sum can I borrow for $18, at 9 %? 

3. What sum will yield $25, at 5 %? 

4. If $40 is 10 % of a man's money, how much has 
he? 

5. If $81 is 9 % of a man's money, how much money 
has he? 

6. How many oranges can you buy for 81 cents, if 
you pay 3 cents for one orange? 

7. How thany dollars can you borrow for 81 cents, 
if the use of $1 is worth 3 cents? 



Digitized 



by Google 



182 FBACTICAL ARITHMETIC. 

Note.— The principles involved in Articles 293, 294, 395, 

Krefundamentalf and underlie the entire subject of percentage, and 
its applications. They may be stated as follows : 

First Principle. 

The percentage is the same part of the base that the 
rate is of 100. 

Second Principle* 

The rate is the same part of 100 that the percent- 
age is of the base. 

Third Principle. 

Tlie percentage is the same part of the rate that the 
base is of 100. 

296. The above principles, though differently word- 
ed, are substantially the same. 

Any two of the elements, rate^ percentage^ base^ being 
given, the third element may be found by applying 
some one of these principles. 

Note. — Let the pupils write a rule for solving examples arising 
under 294 and 295. 

MISCELLANEOUS EXERCISES. 

1. 40 is 10 % of what number? 

2. 40 is one-tenth of what number? 

3. 16| is what part of 100? 

4. 25 is 16| % of what number? 

5. 1 is what per cent of 6? Of 8? Of 10? 

6. 32 is what per cent of 64? Of 96? Of 16? 

7. 27 is what per cent of 81? Of 105? Of 54? 

8. What per cent of 24 equals 8? 
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9. What per cent of 91 equals 13? 

10. Find 7 % of 216. Of $216. Of 216 sheep. 
Of 216 acres. 

11. 51 is 33^ % of what number? 

12. 48 is 66| % of what number? 

13. 36 is 162 oj^ of ^ijat number? 

14. 64 is 6^ % of what number? 

15. What per cent of 72 is 36? 24? 48? 12? 

16. What per cent of 21 is 7? 14? 3? 21? 

17. What per cent of 400 is 5? 6? 8^? 12J? 20? 
25? 33^? 

18. Is 20 a greater, or less, per cent, of 200 than it 
IS of 300? Why? 

SIMPLE IXTEBEST. 

297. Interest is money paid for the use of money. 

298. Interest is simple^ annual^ or compound. 

299. Simple Interest is interest on the principal for 
a given time at a given rate. 

300. The principal is the money on which interest 
is paid. 

301. The rate is the per cent.^ per annum. 

302. The amount is the sum of principal and interest. 

303. Legal interest is the rate established by law. 

304. Usary is interest aboye the legal rate. 

305. Componnd interest is interest on interest. 

306. Every problem, in simple interest, involves five 
quantities. 

a. The Principal. 

b. The Bate. 
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c. The Time. 

d. Tlie Interest. 

e. The Amount. 

307. Any three of these five elements being given, 
the other two may be found. Hence, 

308. There are twenty possible problems in interest. 

Case I. 

309. Given the principal, rate, and time to find 
the interest. 

1. What is the interest on $225, for 2 years, 6 months, 
at 6 %? 

Suggestion. — What is the interest on ^225 for 1 year, at 6 

per cent? 
What is the interest on ^225 for 2 years, at 6 

per cent? 
What is the interest on $225 for \ a year at 6 

per cent? 
What is the interest on $225 for 2} years at 6 

per cent? 

Note. — this example the interest for one year is 6 per cent., 
of $225. 
The interest for two years is twice the interest for one year. 
The interest for 6 months is one-half the interest for one year. 

2. Find the interest on $500 for 4years, 6 months, 
at 6 %. 

3. Find the interest on $1000 for 6 years, 4 months, 
at 6 %. 

4. Find the interest on $2500 for 8 years, 3 months, 
at 6 %. 

5. Find the interest on $800 for 3 years, 3 months, 
and 10 days, at 6 %. 
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Suggestion. — 6 per cent, of $800 is the interest for 1 year. 
What is the interest for 3 years? 
10 days is what part of a month? 
8 J months is what part of a year? 
What is the interest for 3 J months? 

6. What is the interest on $100 for 4 years, 4 
months, and 15 days, at 6 %? 

7. Find the interest on $200 for 5 years, 9 months, 
and 20 days, at 6 %. 

8. Find the interest on $300 for 6 years, 2 months, 
24 days, at 6 %. 

9. Find the interest on $400 for 7 years, 10 months, 
6 daj'^s, at 6 %. 

10, Find the interest on $500 for 8 years, 8 months, 
18 days, at 6 %. 

SIX PER CENT. METHOD. 

310. Very generally in this country the year is re- 
garded as consisting of 12 months of 30 days each. 

311. When this is the case the following method of 
computing interest is both convenient and expeditious. 

ANALYSIS OF CONDITIONS. 

Since the interest on $1 is 6 cents for 12 months ; then, 

a. The interest on $1 is 1 cent for every 2 months. . 

b. The interest on $1 is 5 mills for 1 month or 30 days. 

c. The interest on ^1 is 1 mill for every 6 days. 

d. The interest on $1 is J of a mill for 1 day. Hence, 

312. To compate interest at six per cent., for any 
namber of years, months, and days. 

I. Reduce the given number of years to months^ and 
add the given number' of mont/is. 
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n. Taice one-half this number of montlia for the in- 
terest on fl^ expressed in cents. 

III. Take one-sixth of the given number of days for 
the interest on fly expressed in mills. 

IV. Take one-sixth of a mill for each remaining 
day. 

V. Multiply this interest on $1 for the whole time by 
the given number of dollars. The product will be the 
interest required. 

EXAMPLES. 

1. What is the interest on $1, at 6 %, for 2 months? 
4 months? 6 months? 8 months? 10 months? 14 
months? 16 months? 18 months? 20 months? 22 
months ? 

2. What is the interest on $2 for 8 months? $3 for 
10 months? 

3. Find the interest, at 6 %, on $12 for 24 months? 
$24 for 12 months? 

4. Find the interest, at 6 %, on $16 for 18 months? 
$18 for 16 months. 

5. Find the interest, at 6 %, on $216 for 40 
months. 

6. Find the interest, at 6 %, on $1 for 12 days; 
14 days ; 16 days. 

7. Find the interest, at 6 %, on $1 for 18 days ; 24 
days ; 48 days. 

8. Find the interest, at 6 %, on $12 for 12 days ; 
60 days ; 90 days. 

9. Find the interest, at 6 %, on $124 for 24 days ; 
64 days ; 84 days. 
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10. Find the interest, at 6 %, on $124 for 90 days ; 
60 days ; 30 days. 

Find the interest, at 6 %. 

11. On $1 for 8 months and 18 days. 

12. On $1 for 10 months and 24 days. 

13. On $15 for 24 months and 24 days. 

14. On $150 for 24 months and 24 days. 

15. On $1500 for 240 months and 240 days. 

16. On $250 for 1 year, 6 months and 12 days. 

17. On $1250 for 2 years, 8 months and 18 days. 

18. On $2727 for 4 years, 10 months and 24 days. 

19. On $7272 for 10 years, 4 months and 6 days. 

20. On $25116 for 5 years, 2 months and 12 days. 

21. On $1 for 1 year ; for 1 month ; for 1 day. 

22. On $5 for 5 years ; for 5 months ; for 5 days. 

23. On $1 for 1 year, 1 month and 1 day. 

24. On $5 for 5 years, 5 months and 5 days. 

25. On $125 for 8 years, 9 months and 10 days. 

313. To compute interest at any rate per cent*, for 
any time. 

Rule I. Compute the interest at six per cent.,ybr 
the given time, (Art. 212.) 

n. Take such part of this interest as the given rate 
is of six per cent. 

1. Find the interest, at 3 %, on $20 for 1 year, 8 
months, 18 days. 

Sureestion. — Find the interest, at 6 per cent., for the given 

time. 
3 is what part of 6? 
Then the interest, at 3 per cent., is what part of 

the interest at 6 per cent? 
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2. Find the interest on $72 for 2 years, 9 months, 13 
days, at 4 %. 

Suggestioii. — What is the interest on $72 for the given time, 

at 6 per cent. ? 
4 is what part of 6? 
Then the interest, at 4 per cent., is what part of 

the interest at 6 per cent. ? 

3. Find the interest on $321 for 3 years, 11 months, 
15 days, at 7 %. 

Sus^estion. — Wliat is the interest at 6 per cent.? 
7 is what part of 6? 

Then the Interest, at 7 per cent., is wliat part of 
the interest at 6 per cent.? 

4. Find the interest on $218 for 4 years, 7 months, 
9 days, at 5^ %. 

Suggestion. — What is the interest at 6 per cent.? 
5^ is a of 6. 
Then, what is the interest at 5| per cent. 

In a similar manner explain the following examples : 
Compute the interest 

1. On $100 for 6 months, 18 days at 2 %. 

2. On $125 for 9 months, 24 days, at 3 %. 

3. On $150 for 10 months, 21 days, at 3J %. 

4. On $175 for 11 months, 11 days, at 4 %. 

5. On $200 for 13 months, 12 days, at 4^ %. 

6. On $225 for 1 year, 1 month, 1 day, at 5 %. 

7. On $250 for 2 years, 2 months, 2 days, at 5^ %. 

8. On $275 for 3 years, 3 months, 3 days, at5| %. 

9. On $300 for 4 years, 4 months, 4 days, at 6^ %. 

10. On $325 for 3 years, 4 months, 5 days, at 7 %. 

11. On $350 for 4 years, 5 months, 6 days, at 7J %. 

12. On $375 for 5 years, 6 months, 7 days, at 8 %. 
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13. On $400 for 6 years, 7 months, 8 days, at 9 %. 

14. On $4000 for 7 years, 8 months, 9 days, at 10 %. 

15. On $4375 for 8 years, 9 months, 10 days, at 
12%. 

16. On $3457 for 9 years, 8 months, 7 days, at 15 %. 

17. On $4735 for 10 years, 10 months, 10 days, at 
10 %. 

18. On $^ for ^ of a year, ^ of a month, ^ of a day, 
at ^ %. 

19. On $1 for | of a year, | of a month, | of a day, 
at I %. 

20. On $1000 for 100 years, 10 months, 1 day, at 
20%. 

Note. — A part of a day is either regarded as a whole day, or 
rejected altogether. 

SECOND METHOD. 

314. When the year is regarded as consisting of 360 
days, the following method of computing interest 
is sometimes used : 

ANALYSIS OF CONDITIONS. 

a. The interest on any principal at 6 %, for 1 year, 

is .06 of the principal. 
6. The interest on any principal for 1 month, is -^j of 

the interest for 1 year, 
c. The interest for 1 day is -^ of the interest for 1 

month. Hence, 

315. To compute the interest for years, monthSy 
and days. 
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Rule. — I. To find the interest for one year multiply 
the given principal hy the rate per cent. 

II. To find the interest for one month take ^j of the 
interest for one year. 

III. To find the interest for any number of months 
multiply the interest for one month by the number of 
months. 

IV. To find the interest for one day, take -^^ of the 
interest for one month. 

V. To find the inte^'est for any number of days 
multiply the interest for one day by the number of days. 

VI. The sum of these several results is the interest 
required. 

I. Find the interest on $72 for 3 years, 7 months, 18 
days, at 6 %. 

Suggestion. — What is the interest on ^72 for 1 year at 6 per 
cent? 
What is the interest for 3 years at 6 per cent? 
What is the interest for 1 month? 
What is the interest for 7 months. 
What is the interest for one day? For 18 days? 
What is tbe interest for 3 years, 7 months, 18 
days. 
Note. — For exercises under this method let the pupils work the 
examples under. (Art. 313.) 

EXACT METHOD. 

316. When the year is regarded as consisting of 365 
days the following method may be employed : 
Rule. — I. Express the given time in days. 

II. To find the interest for one year multiply the 
principal by the rateper cent. 
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m. Multiply the interest for one year by the given 
number of days and divide the product by 365. 

1. Compute the exact interest on $2112 for 120 days, 
at 8 %. 

2. Compute the exact interest on $1640 for 63 days, 
at 7 %. 

3. Compute the exact interest on $1880 for 93 days, 
at 9 %. 

4. Compute the exact interest on $1492 for 76 days, 
at 10 %. 

5. Compute the exact interest on $1688 for 27 days, 
at 12 %. 

Eelations subsisting between Principal, Bate, Time, 
Interest, Amount. 

317. Any three of these five elements being given, 
the others can be computed. 

318. Under -309, Case I., one of these relations 
has already been considered. 

Case II. 

319. Given the principal, time and interest to find 
the rate. 

1. The interest on $1200 at a certain rate, for 2 
years, 6 months, is $150. Find the rate per cent. 

Suggestion. — What is the interest on $1500 for the time, at 
1 per cent? Since the interest is $80 at 1 %, for the given time, 
T!rhat rate will yield $150 in the same time? 

Note. — In this case $1200 eams, in the given time, $150, at the 
required rate. But $1200, in the same time, earns $30 at 1 per cent. 
Then, at what rate will $1200 earn $150? 
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The following is a similar question : 

2. At what wages per day can a certain number of 
men earn $150 in a certain time, if, in the same time, 
the same men can earn $30, at $1 per day? 

3. At what rate per annum must $400 be put at 
interest for 10 years to yield $100. Ans. 2J. 

4. If $2700 on interest for 2 years and 8 months, 
yields $378, what is the rate per cent? 

5. At what rate will any principal double itself in 
20 years? 

Suggestion* — At what rate will it double itself in 1 year? 

At what rate will it doable itself in 20 years? 

Case IH. 

320. Giyen the rate, interest and time to find the 
the principal. 

1. What principal at 6 % will yield $206.25 interest 
in 2 years and 9 months? 

Suggestion. — What is the interest on $1 for the given time, 

at 6 per cent? 
If $1 yields 9. 165 in the same time, at the same 

rate, 
How many dollars will yield $206.25? 

2. What principal will gain $200 in 4 years, 6 mos., 
at f> %? 

3. What principal will gain $384 in 4 years, 3 months, 
6 days, at 6 %? 

4. At 8 % what principal will gain $8651.20 in 10 
yrs., 3 mos., 15 days? 
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5. At 7 % what principal will gain $750 in 3 yrs., 5 
mos., and 10 days? 

6. Find the amount in each of the above examples. 

Case IV. 

321. Given the principaly rate and interest to find 
the time* 

1. In what time will $560 gain $168, at 6 % per 
annum ? 

Suggestioii. — What is the gain on $560 in 1 yr., at 6 per cent. ? 
Then, in what time will $560 gain $168? 

2. In what time will $250 gain $28,125, at 6 % per 
annum ? 

3. In what time will $240.80 gain $84.28, at 6 % 
per annum ? 

4. In what time will $196 gain $98.49, at 9 % per 
annum? 

5 . In what time will any principal double itself, 8it6%? 

Silggestioii. — In what time will any principal double itself 
at 1 per cent. ? * . 

Then, in what time will it double itself at 6 
per cent. 

6. In what time will any principal treble itself at 5 % ? 

Suggestton* — The whole gain equals what part of the princi- 
pal? 
In what time, at 1 per cent., will the interest 

equal once the principal? 
In what time, at 1 per cent., will the interest 

equal tioice the principal? 
In what time, at 5 per cent., will the interest 
equal twice the principal? 
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Case V. 

322. Given the amount, rate and time to find the 
principal. 

1. Given the amount $287,525, rate 10 %, time 5 
yrs., 6 mos. Find the principal. 

Suggestion. — What is the amount of $1 for the given timei 
at 10 per cent. ? 
Then, what principal will amount to $287,525? 

2. What principal will amount to $804 in 4 yrs., 4 
mos., at 5 %? 

3. What principal will amount to $408 in 3 yrs., 3 
mos., at 6 %? 

4. What principal will amount to $84 in 1 yr., 9 
mos., 18 days, at 7 %? 

5. What principal will amount to $48 in 2 yrs., 8 
mos., 12 days, at 12 %? 

PROMISSORY NOTES. 

'323. A Promissory Xote is a promise, in writing, 
to pay to some particular person a specilSed sum of 
money, at a specified future time. 

324. Every valid promissory note contains 
a. A distinct promise to pay. 
6. A specified sum of money. 

c. A specified time. 

d. The name of the payee. 

e. The date of the note. 

/. The name of the maker of the note. 
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325* The words value received are generally in- 
serted in the body of a note, but are not necessary to 
give it validity. 

326. Interest may, or may not, be specified in the 
note. If not specified, the legal rate of the State 
where the note is payable is understood. 

327. A note may be made payable on demand, or 
in a specified time after date. 

328. A note on demand draws legal interest, when 
none is specified, only after demand has been made. 

329. A note on time draws legal interest, when 
none is specified, only after maturity. If specified, 
then from date. 

330. The maturity of a note is the time when it 
becomes due, which is generally three days after the 
time specified in the note. 

331. These three extra days are known as days of 
grace. 

332. When the last day of grace falls on a national 
holiday. Fourth of July, Christmas, New Years, Sun- 
day, only two extra days are allowed. 

333. Promissory notes are Negotiable, or Non-Ne- 
gotiable. 

334. A Negotiable note is payable to some specified 
person or his order. The words or order follow the 
name of the payee. 

335. A Non-Negotiable note does not contain the 
words, or order. 

336. A Negotiable note is transferrable only by 
endorsement. 
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337. Only the payee, or holder of a note, can en- 
dorse it for the purpose of transferring title; which, 
consists in writing his name across the back of it. 

338. An endorsement may be in blank, in fuU, or 
withoat recourse. 

339. A person not a party to a note may endorse it 
by writing his name across its back. Under certain 
restrictions such endorsement makes the endorser re- 
sponsible for the payment of the note, in case the 
maker fails to pay. 

340. To make a party, foreign to a note, responsi- 
ble as endorser, the endorsement must be made before 
maturity. 

Note. — For other points, see Discounts. 

Note on Bemand. 

♦800. St. Louis, Mo., July 1, 1880. 

On demand I promise to pay to C. K. Coon, or order, one hundred 
dollars. Value received. Interest at the rate of 8 per cent, per 
annum. C. C. Koon. 

Note on Time. 

^800. St. Louis, Mo., July 1, 1880. 

For value received I promise to pay Jack E. Georgeson, or order, 
one hundred and fifty dollars, thirty days after date, virith interest 
at the rate of 7 per annum. Gus E. Jackson. 

Note. — Had interest not been specified this note would not 
draw interest till after the expiration of the time specified. 

Note Payable at Bank. 

^1000^. St. Louis, Mo., July 30, 1880. 

Thirty days after date, for value received, I promise to pay Elias 
Hicks, or order, one thousand and yV^y dollars, with interest, after 
maturity, at the rate of ten per cent, per annum. Payable at the 
Bank of Commerce. Mosss Toil, 
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341. A bank check, payable to order, or bearer^ is 
treated in many respects as a promissory note. 

342. Bank bills are promissory notes payable on 
demand, and are transferrable by mere delivery. 

BANK DISCOUNT. 

343. Bank Discount is the interest for the time 
specified in a note, including the days of grace. 

344. The Proceeds is the difference between the 
face of a note and the bank discount. 

Note. — When a note is discounted sometime after its date, the 
amount of the note at the time of discount, is regarded as the face 
of the note. 

345. To find the bank discount and net proceeds 
of a note. 

1. Find the discount and the proceeds of a note for 
$400, discounted at bank, for 60 days, the rate of dis- 
count being 6 %. 

SuKestion. — What is the interest on $400 for 63 days, at 6 %. 
Then, what is the proceeds? 

2. On $100 discounted at bank for 60 days, at 6 %, 

3. On $150 discounted at bank for 30 days, at 6 %. 

4. On $175 discounted at bank for 30 days, at 7 %. 

5. On $250 discounted at bank for 90 days, at 7 %. 

6. On $350 discounted at bank for 90 days, at 8 %. 

7. What sum of money would a bank pay on a note 
for $1000 discounted for 90 days, at 9 %? 

8. How much must a man pay a bank for the use of 
$2512 for 60 days, their rate of discount being 10 %? 
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9. A man held a note payable six months after date, 
which he got discounted at bank four months after 
date. The note being drawn for $5000, and the rate of 
discount being 8 %, how much did the bank pay him? 

10. A note drawn for $1520, payable five months 
after date, with interest at the rate of 7 %, was dis- 
counted at a bank two months after date, at the rate 
of 6 %. What was received on it? 

Suggestion. — What was the amount, or face, of the note at 

time of maturity? 
What the discount on this amount for balance 

of the time? 
What the proceeds? 

11. If the note in example 10 had drawn interest at 
the rate of 6 % per annum, and had been discounted 
at the rate of 7 % per annum, what would have been 
the net proceeds ? 

346. Given the time and rate of discount and the 
net proceeds to find the face of the note. 

1. For what sum must a note be drawn that, when 
discounted at a bank for 90 days, at 6 %, the net pro- 
ceeds will be $1000? 

Suggestion. — What is the discount on $t for 93 days, at 6 % ? 
What the proceeds of $1 ? 
Then, to yield $1000 proceeds, what sum is re. 
quired? 
Fuller Analysis. 

The discount on $1 for 93 days, at 6 %, is 

$0.0155. 
The proceeds of $1 for 93 days, at 6 %, is 
$0.9845. 

It requires $1 to yield $0.9845 net proceeds. 
How many dollars are required to yield $1000 
net proceeds? 
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For what sum must a note be given at bank 

1. To realize $144, the term of discount being 30 
days, and the rate 6 % ? 

2. To realize $200, the term of discount being 30 
days, and the rate 6 % ? 

3. To realize $300, the term of discount being 30 
days, and the rate 6 % ? 

4. To realize $400, the term of discount being 30 
days, and the rate 7 %? 

5. To realize $500, the term of discount being 60 
days, and the rate 7 %? 

6. To realize $600, the term of discount being 60 
days, and the rate 7 %? 

7. To realize $750, the term of discount being 60 
days, and the rate 7^ % ? 

^ 8. To realize $800, the term of discount being 90 
days, and the rate 8 %? 

9. To realize $850 the term of discount being 90 
days, and the rate 8| %? 

10. To realize $900, the term of discount being 90 
days, and the rate 9 %? 

11. A man wishing to borrow $1250 from a bank, for 
90 days, at 10 per cent., computed the interest on 
$12500 for 93 days, at 10 per cent., and gave his note 
for the amount. Did he cheat himself or the bank? 
How much ? 

12. Had he wished to borrow $50000, on the same 
terms, how much more, or less, would he have to pay 
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at the maturity of the note, than he would have had to 
pay, if he had given his note for the correct amount? 

NoTB. — Let the pupils make a rule for this and similar cases. 
Write them out carefully, with a view to brevity, clearness, and ac- 
curacy. 

PROFIT ANiy LOSS. 

347. In Profit and Loss four distinct elements are 
considered : 

a. The purchase price, or original number. 
6. The selling price, or resulting number. 

c. The gain, or loss. 

d. The rate of gain, or loss. 

348. Given the purchase price and the rate to find 
the gain or loss. 

1. Bought a horse for $150, and sold it at a profit of 
20 %. What was my gain? 

Sugi^estioii* — 20 per cent, of $150 equals what? 
Then, what was my gain? 
And what was the selling price? 

2. Bought a watch for $75, and sold it at a loss of 
25 %. What was the loss? 

Saggestion. —25 % of $75 equals what? 
Then, what was the loss? 
And what was the selling price? 

3. A man sold a house which cost him $2000, for 
$1500. What was his loss ? 

4. A farm, which was worth $4560, sold at 15 % 
less than its value. What was the selling price? 

5. On a house and lot which cost me $7100, I lost 
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30 % by depreciation in yalue. What was it then 
worth? 

6. A grocer sold sugar, which cost 9 cents a pound, 
at a profit of 33^ %. What was his gain on 100 
pounds ? 

7. A lot of damaged tea that cost 60 cents a pound, 
was sold at a loss of 32%. The lot consisting of 40 
chests, each weighing 50 pounds. What was the entire 
loss? 

349. Given the purchase price and the selling price 
to find the rate of gain or loss. 

1. Sold butter which cost 12 cents, at 15 cents a 
pound. What was the rate of profit? 

Sii§f§festion* — What was the gain on each pound? 

The gain was what part of the cost of each 

pound? 
The gain was wliat per cent, of the purchase 
price? 

2. If eggs which cost 18 cents, sold for 15 cents a 
dozen, what was the loss per cent. ? 

Sngi^estion. — What was the loss on each dozen? 

What part was the loss, of the purchase price? 
Then, the loss was what per cent, of the pur- 
chase price? 

Note. — The pupil must remember that the ac^a? gain or loss, 
as well as the rate of gain or loss, is estimated on the purchase price. 

350. Given the selling price and the rate to find 
the purchase price. 

1. A man sold calicoes at 15 cents a yard, thereby 
gaining 25 %. What did they cost him? 
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Sugsestion. — 25 % of the purchase price is what part of the 

purchase price? 
Then, the selling price is how memy fourths of 

the purchase price? 
Then, 15 cents is f of what number? 

2. A merchant lost 10 % by selling silks at 90 cents 
a yard. What did they cost him? 

Suggestion. — 10 % of the cost is what part of it? 

For how many tenths of the cost did each yard 

sell? 
Then, 90 cents is j^ of what number? 

3. If by selling goods at 48 cents a yard a man loses 
33^ %, what did they cost? 

4. A house sold for $1100, yielded a profit of 14 %. 
What was the cost of the house? 

5. A man gained 12 % by selling his house and lot 
for $2688. What did it cost him ? 

351. Given the grain and rate of gain to find the 
cost. 

1. A farmer sold a team of horses at a gain of $27 ; 
which was a profit of 8| %• What did the team cost 
him? 

Sugi^estion. — 8] % is what part of 100 % ? That is, 
The gain is what part of the cost? 
Then, $27 is j^j of what number? 

Rule. — Divide the gairty or loss^ by the rate of gain, 
or losSf expressed decimally. The quotient will be the 
cost. 

Note. — Let the pupils write rules for the other cases in Profit 
and Loss. 
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352. To find what g^oods must be marked to yield 
a griven net profit after allowing a given discount* 

1. What must goods be marked, that cost 20 cents 
a yard, to yield a net profit of 10 %, afiber allowing a 
discount of 8^ % to a customer? 

Suggestion. — For what must goods sell, that cost 20 cents, 
to net 10 % ? 

S\ % discount is what part of 100 % ? 
Then, the discount is what part of the marking 

price ? 
Then, the selling price is what part of the mark' 
' ing price? 
Or, 22 cents is |} of what number? 

2. Goods that cost 40 cents a yard sell at a net 
profit of 25 % after allowing a customer a discount of 
16| %. What were they marked? 60 cents. 

3. A merchant bought a lot of knives at 37 J cents 
apiece. He wished to make a discount of 12J %, and 
a net profit of 10 %. Find the marking price. 

4. At what price must an article which cost 30 cents 
be marked, to allow a discount of 12^ %, and yield a 
net profit of 16|? 

5. At what price must land that cost $100 per acre 
be held, that the owner may fall 30 % on the asking 
price, and realize a net profit of 20 %? $180. 

6. A man paid $150 for a horse which he ofiered in 
trade at a price he was willing to discount at 40 % for 
cash, as he would then gain 20 %. What was his 
trading price? $300. 

7. A man bought steel -pens at a discount of 40 % 
on the retail price, and sold them at a profit of 33-| 



Digitized 



ized by Google 



204 PRACTICAL ARITHMETIC. 

% on his investment. If his net gain was $27, what 
was the retail price? $135. 

Sugi^estion.— The gain is what part of the purchase price? 
Then, what is the purchase price? 
The purchase price is what part of the retail 

price? 
Then, what is the retail price? 

8. Find the retail price of an article bought at a 
discount of 33^ %, which sold at an advance of 12^ 
%, yields a net profit of $8. $96. 

COMMISSION. 

353. Commission is a certain percentage allowed an 
agent for transacting business for another person. 

364. The commission of an agent is estimated on 
the amount invested, or on the amount received for his 
principal. 

366. In problems of this class four elements are 
considered : 

a. The amount invested, or received by the agent. 

6. The rate of commission. 

c. The commission 

d. The net proceeds, or cost. 

366. Hence, there are six classes of problems under 
this subject. 

367. Given the amount invested, or received, and 
the rate to find the commission. 

1. A commission merchant bought 1000 barrels of 
flour, at $7.50, receiving a commission of 2J % on the 
purchase. Find his commission. $187.50. 

Suggestion. — This is similar to Art. 348. 



Digitized 



by Google 



COMMISSION. 205 

2. A real estate agent collected rents to the amount 
of $2700. What was his commission at 2^ % ? What 
did he pay his employer? 

358. Given the amount invested, or received, and 
the commission, to find the rate of commission. 

1. An agent purchased wheat to the amount of 
$12520 for a miller. His commission being $187.80, 
what was his rate? ly %• 

Sufi^i^estioii. — This is similar to Abt. 349. 

2. If the commission on an investment of $27560, 
was $206.70, what was the rate of commission? 

359* Given the commission and rate to find the 
amount invested, or received. 

1. If an agent's commission was $125, and his rate 
of commission 2^ %, what amount did he invest, or 
receive for his employer? $5000, 

Sn§f§festion. — This is similar to Art. 351. 

2. An agent's commissions during one year were 
$2140 ; what were his collections, if his rate was 1| 
%. 

360. Given the gi^oss investment and the rate to 
find the net investment. 

1. A real estate agent collected during the year 
$81590. His rate being 2^ %, what amount did he 
pay over to his principal? 

Susgestion. — This is similar to Art. 350. 

2. A merchant in St. Louis sent $8523 to an agent 
in 1^. Y. to be invested in flour at $5 per barrel. How 
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many barrels did he buy, and what was the agent's 
commission, his rate being 2^%? 

BBOK£RAGE. 

361. Brokerage is a percentage paid an agent for 
transacting business for another person, generally in 
moneys bonds^ and stocks. 

362. Problems similar to those under Commission 
arise under Brokerage, and are solved by the applica- 
tion of the same principles. 

363. These principles are fully discussed under 
Art. 347 to 351. 

INSURANCE. 

364. Insurance is guarantee given against loss. 

365. A Policy of Insurance is a written agreement 
to indemnify a person in case of loss. 

366. In problems of this class there are three ele- 
ments to be considered : 

a. The amount insured. 
6. The rate of insurance, 
c. The premium. 

367. Given tlie amount insured and the rate to 
find tlie premium. 

1. What will it cost to insure a house valued at 
$3000, the rate of insurance being | % ? 

Suggestion. — This is similar to Art. 348. 

2. The face of a policy of insurance on a store and 
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its contents, was $12000, and the rate of insurance 
1 %. Find the premium. 

868. Given the amount of insurance and the pre- 
mium, to find the rate of insurance. 

1. The premium on a store and its contents, valued 
at $96000, was $1440. Find the rate of insurance. 

2. When $750 was paid to insure $200000 worth of 
property, what was the rate ? 

3. Three-fifths of the value of the contents of a 
store, and \ of the value of the building were insured 
at a cost of $500. The building being valued at $10000, 
and the goods at $60000, what was the rate of insur- 
ance? 

369. Given the premium and the rate to find the 
face of the policy. 

1. An insurance was efiected on \ of the value of a 
store and contents, at ^ %• by paying $75. What was 
the face of the policy ? What was the value of the 
property? 

Suggestion. — This problem is similar to those under Art. 352. 

2. Find the face of a policy of insurance when the 
premium paid was $125, and the rate \ %. 

3. A house insured for | of its value was consumed 
by fire. The cost of the policy, at | %, was $140.75. 
What was the owner's loss? Ans. 9524. 08|. 

370. To find the face of a policy to cover both 
insurance and premium. 
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1. What must be the •face of a policy which, in case 
of fire, will completely indemnify the owner who pays a 
premium of $145.25, when the rate is ^ %? 

Suggestion. — What sum will cover the property? Art. 369. 
What must he receive to cover both property 

and premium? 
This amount is the present worth of what sum 

discounted at J % ? 

COMPOUNI> INTEREST. 

371. Compound Interest is interest on both princi- 
pal and interest, when the interest due is not paid. 

372. Interest may be compounded annually, semi- 
annually, or quarterly. 

1, What is the compound interest on $1000 for 2 
years, at 6 % 

Explanation. — Find the amount of opera.tion. 

the principal for 1 year. Find the amount $1000 Principal, 
of this new principal and subtract $1000 .06 Rate per cent. 

Interest for the first year equals $60.00 

First principal $1000.00 

New principal for second year $1060.00 

.06 Rate per cent. 

Interest for the second year equals $63.60 

The second principal $1060. 

Amount at the end of second year $1123.60 

Deduct first principal $1000.00 

Compound interest $123.60 

The interest for the first period is the simple interest on the prin- 
cipal for that period. The amount for the first period is theprindpcLl 
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for the second period, thus giving interest on both principal and 
interest for the second year. 

The difference between the amount at the end of the last period, 
and the first principal, must show the gain, or compound interest. 

373. Interest compounded semi-annually for 2 years, 
6 months, gives ^ve periods. 
Find the compound interest 

2. On $500 due in 2 years ; in 3 years ; in 4 years. 

3. On $800 due in 18 months, payable semi-annually ; 
in 24 months. 

4. On $1200, payable quarterly, for 2 years. 

5. On $1 for 10 years, at 10 %. On $1.50. On 
$2.50. 

Note. — Tables, prepared for that purpose, are generally used 
in solving examples involving compound Interest. 



DISCOUNT AKD PRESENT WORTH. 

374. Bank discount has already been considered. 
It corresponds to the simple interest on the principal, 
for the time, at the given rate. 

375. True Discount differs from bank discount. It 
is the difference between the Present Worth of a debt 
and the Face of the Debt. 

376. The Present Worth of a debt is the sum, which, 
placed at interest for the given time and at the given 
rate, will amount to the debt. 

377. Given the principal, or debt, the time and 
rate to find th^ present worth. 

1, What is the present worth of $161.35, due in 1 
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jear, 9 monthSi 24 days, at 6 %? What is the dis- 
ooant? 

Sunestion. — What principal will, in 1 year, 9 months, 24 
clays, at 6 %, amount to $161.85? 

This problem comes under Art. 822. 

The principal thus found is $145.50; 

Hence, the discount is $161.85 — 145.50, or 
$15.85+ 

2. A man owed $1200 due in 6 months and 20 days. 
What sum would pay the debt immediately, money 
being worth 6 % ? 

3. Find the discount on a debt due in 4 months and 
10 days, the debt being $450, and money being worth 
7%? 

4. How much would a man save by discharging a 
debt of $1125 due in 1 year, 2 months, 18 days, 
interest at 5 % ? 

5. What is the difference between the bank and the 
true discount' on $100 due in 1 year, at 6 % after 
maturity? On $1000? On $10000? 

378. To find what is still due after discountiiig 
part of a debt. 

1. If you owed $1000 due in 1 year, and should be 
allowed 12|. % for ready money, what would you still 
owe after paying $700 immediately? 

Suffgestioii. — 12} % Is what part of 100 % ? 

What part of the debt does the money paid dis- 
charge? 
If 9700 is f of what it pays off, what remalos 
unpaid? 
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2. A man owed $1600 ; but being offered 2^ % dis- 
count for cash, immediately raised and paid $780. 
How much remained unpaid? Ans. $800. 

Suggestion. — Prove this answer. 

PARTIAIi PAYMENTS. 

379. Partial Payments consist of money paid at 
different times in discharge of part of a debt. 

380. These payments are acknowledged by receipt, 
or by endorsement on the back of the note or other 
obligation. 

381. In this class of problems two elements must 
always be carefully considered : 

a. The amount of each payment. 

b. The amount of interest accrued at the time of 

each payment. 

382. There may arise two essential conditions : 

a. Any payment may exceed the interest due at 

the time that payment is made. 

b. The interest due at the time a payment is made 

may exceed that payment. 

383. These conclusions follow, and must be carefully 
observed in applying the rule : 

a. H the interest due at the time a payment is 
made is less than that payment, the new prin- 
cipal will be less than the debt. 

6. If the interest due at the time a payment is 
made is gnreater than that payment, the new 
principal will be greater than the debt. 
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c. To avoid compound interest the new principal 
must never be greater than the debt. Hence, 
the following rule : 

UNITED STATES RULE. 

I. Compute the interest from the date of the note to 
the time of the first payment. 

II. If this interest is less than this payment ^ add the 
interest to the principal and subtract the payment from 
this amount. The remainder will form a new prin- 
cipal. 

III. Buty if the interest is grreater than the payment ^ 
find the interest on the principal up to a time when the 
sum of two or more payments exceeds the interest due at 
that time. 

IV. Add the interest to the original^ or to the new 
principal^ as the case may require^ and subtract the sum 
of the payments. The remainder will form another 
new principal. Proceed with remaining payments as 
before. 

examples. 

1. St. Louis, Mo., 

$1200. January 1, 1880. 

One year after date I promise to pay to the order 
of Herr Maim, twelve hundred dollars, with interest 
from date at the rate of eight per cent, per annum. 
Value received, and payable without defalcation or dis- 
count. T. T. Tainter. 
On this note the following payments were made : 
April 1, 1880, $150; June 1, 1880, $50; September 
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1, 1880, $20; October 1, 1880, $500. What was due 
at maturity? 

Susrsrestion. — Date of maturity January 4, 1880. 

Find the difference of time between January 1, 
and April 1, 1880. 

Find the interest on ^1200 for this period. 
Does this interest exceed the payment, $160? 
Then, wliat is the new principal? 

Find the difference of time between April 1, and 
June 1, 1880. 

Find the interest on $1074 for this period. 
Does this interest exceed the payment, $50? 
What is the new principal? 

Find the difference of time, between June 1 , and 
September 1, 1880. 

Find the interest on $1038.32 for this period. 
Since the interest is $20.7064, we must com- 
pute the interest on $1038.32 from June 1 to 
October 1, 1880, or 4 months. 

What is the interest for this period? What 
the amount? What the sum of the last two 
payments ? What the new principal ? 

What time has the note still to run? From 
October 1, 1880, to January 4, 1881. 

What is the interest? What the amount? 

2. On a note for $1000, dated May 15, 1879, and due 
in 9 months, are found the following endorsements : 
June 1, $25; August 5, $40; September 10, $10; 
October 20, $400. What was due at maturity? 

3. On a note for $2000, dated December 10, 1878, 
and payable in 12 months, are found the following 
endorsements : 

January 27, 1880, $49 ; February 5, $104 ; May 16, 
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$60; July 21, $700. This note was not paid until 6 
months after maturity. What was due then? 

Note. — When no rate is mentioned, 6 % is generally understood. 

4. A note for $3800 was given May 8, 1871. On 
December 1, 1871, $120 was paid; March 6, 1872, 
$500; November 19, 1872, $75. What was due De- 
cember 30, 1872? 

5. A note for $1800 was given March 1, 1865. 
Payments were made May 1, 1866, $200 ; June 16, 
1867, $300; March 1, 1869, $280. What was due 
October 16, 1870? 

384. There are different rules for partial payments. 

They give results differing slightly from each other. 
On a debt of $1000 due in 1 year, at 6 %, and 

on which a payment of $500 is made at the end of 6 

months, the results are, by these several rules : 

By the United States Rule, .... $545.90 
By the Present Worth Rule, .... $545.44 

By the Vermont Rule, $545.00 

The object of the rule for partial payments is to 

avoid giving either debtor or creditor any advantage. 

Notes. — By the Present Worth Rule. — The $500 paid at 
the end of 6 months was virtually the same as paying $485.44 on the 
day the debt was received. Hence, the amount to be paid at the 
end of the time is $iOOO minus $485.44, which is $514.56, increased 
by 6 % of $514.56 for 1 year. That is, the actual amount of credit 
enjoyed by the debtor for 1 year, was the virtual use of $514.56 for 
that time. Hence, he owed at the expiration of that time the 
amount of $514.56, at 6 %, which is $545.44. This methed avoids 
compound interest in favor of either party. The calculations are 
made on the basis of simple interest. 
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By the Vermont Bule, the amount of the debt, $1000, for 1 
year, minus the amount of the virtual payment, $485.44, for 1 year, 
gives $545.44 as the sum due at the end of the year. And by com- 
pounding the virtual payment, $485.44, at the end of 6 months, we 
shall have at the end of the year the sum found due by the Vermont 
Rule. 

By the United States Rule, if we compound $1000, and also 
$485.44, In 6 months, at the end of the year we shall have the result 
given by the United States rule. 

By the Vermont Rule, then, compound interest is allowed on the 
irirtual payment, and thus favors the debtor. And by the United 
States Rule interest is compounded on both principal and virtual 
payment 

EQUATION OF PAYMENTS. 

385. Equation of Payments is the process of find- 
ing the time at which different sums of money, due at 
different times, may be paid at once without loss to 
debtor or creditor. 

386. The Term of Credit is the time which must 
elapse before a debt becomes due and payable. 

387. The Average Term of Credit is the number 
of days or months, at the end of which the several 
debts due at different times, may all be paid at once 
without loss to either party. 

388. The Equated Time is the date at which the 
several amounts due at different times, may be paid in 
a single payment. 

a. Mr. A may owe Mr. B several debts, due at dif- 
ferent times. 

6. Mr. B may owe Mr. A several debts, due at 
different times. 

c. Mr. A may owe Mr. B, and, at the same time, 
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Mr. B may owe Mr. A, several debts, due at diflferent 
times. 

380. To find the equated time of payment when 
several debts are due at different times, from one 
man to another. 

1. Mr. A owes Mr. B as follows: $200 due in 3 
months ; $300 due in 5 months ; $250 due in 2 months ; 
$150 due in 6 months. When may these several debts 
be paid at once ? 

Solution. 

$200 due in 8 months is the same as $1 due in 600 months. 
$300 due in 5 months is the same as $1 due in 1500 months. 
$250 due in 2 months is the same as $1 due in 500 months. 
$150 due in 6 months is the same as $1 due in 900 months. 

$900 due in 3f months Is the same as $1 due in 3500 months. 
Hence, the entire debt, $900, may be paid in 3| months, without 
loss to either party. 

390. Under 6. there are four possible suppositions : 

^ The balance of account may fall on the debit side ; 
1. J and, 

The balance of the term of credit may fall on the 
debit side. 



2.< 



3. < 



The balance of account may fall on the credit 

side ; and, 
The balance of the term of ciredit may fkll on the 

credit side. 

^ The balance of account may fall on the credit 
side ; and. 
The balance of the term of credit may fall on the 
debit side. 
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^ The balance of account may fall on the debit side ; 
and, 
The balance of the term of credit may fall on the 
credit side. 



301. The first and second suppositions show the 
same fact, viz. : That the equated time is earlier than 
the assumed date. 

392. The third and fourth suppositions show the 
same fact, viz. : That the equated time is later than the 
assumed date. 

393. The Assumed, or Focal Date, is a date taken 
at pleasure, from which to compute the several terms 
of credit. It is generally more convenient to assume 
either the first or the last date in the account, as the 
focal date. 

394. To find the equated time when both debit 
and credit items are involved. 

1. On January 1, 1880, Mr. James bought goods 
of Mr. Jones as follows : 

A bill for $100 due in 3 months ; 

A bill for $300 due in 4 months ; 

A bill for $500 due in 6 months. 

On February 1, 1880, Mr. Jones bought of Mr. 
James the following : 

A bill for $150 due in 1 mouth ; 

A bill for $250 due in 2 months ; 

A bill for $350 due in 3 months. 

Find the equated time for settlement. 
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Solution. 



$100 due in 3 months is the same as $1 dae in 800 months. 

$300 due in 4 months is the same as $1 due in 1200 months. 

^* *{ $500 due in 6 months is the same as $1 due in 3000 months. 

$900 due Mr. James. Jones' term of credit is 4500 mo. on $1. 

$150 due in 1 month is the same as $1 due in 150 months. 
$250 due in 2 months is the same as $1 due in 500 months. 
$350 due in 3 months is the same as $1 due in 1050 montlis. 

$750 due Mr. Jones. James* term of credit is 1700 mo. on $1. 

8. Balance in favor of James, $150. Term of credit in favor of 
Jones, 2800 months. 

4. Since Mr. Jones owes Mr. James a balance of $150, but is enti- 
tled to the use of $1 for 2800 months, he is entitled to the use 
of the balance due Mr. James, 2800 -i- 150, or 18 J months. Hence^ 
the time of (settlement is July 21, 1881. 

396. In an account kept with a cutomer, he is 
charged, or debited, with the amount of each purchase, 
and credited with the amount of each payment made. 
Such an account must show one of the three condi- 
tions a, 6, c. AuT. 390. 

306. The conditions shown under a. and b. have 
been considered under Art. 389. 

397. The conditions shown under c. Art. 388, 
show two of the four facts in Art. 390. And the 
solution of any problem of this class consists in inter- 
preting these two facts. 

398. When the account is on A's books, and against 
B. 

1. A balance of account on the debit side shows that 
B owes A. 
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2, A balance of account on the credit side shows 
that A owes B. 

3* A balance of term of credit on the debit side 
shows A owes B interest. 

4. A balance of term of credit on the credit side 
shows B owes A interest. 

399. When A owes B a balance of account, and 
interest too, the balance of account should have been 
paid earlier. Also, when B owes A a balance of ac- 
count, and interest too, the balance of account should 
have been paid earlier. 

400. When A owes B a balance of account, but B 
owes A interest, the balance of account should be 
paid later. Also, when B owes A a balance of account, 
but A owes B interest, the balancb of account should 
be paid later. Hence, the foUowuig 

BULE FOR FINDING EQUATED TIME : 

I. Assume the earliest or latest date as the true date 
for settlement^ and compute the terms of (yredit in favor 
of each party. 

II. Divide the balance of the term of credit by the 
balance of indebtedness^ the quotient will indicate the 
time before or after the assumed date^ at which settle^ 
ment shoidd be made. 

III. When both balances fall on the same side of the 
account^ count forward ; but when the balances fall on 
opposite sides J count backward, from the assumed date, 

1. Find the equated time for settling the following 
account on Mr. A's books. Mr. B*s accout stands : 
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DR. 



Mr.B. 



CB. 



1880. 
April 5 
May 16 
June 10 



To mdse. on 2 mo, 

" cash 

" mdse 



1 


1880. 






$300 00 


April 20 


By cash.... 


$410 


200 00 


June 6 


" mdse.. 


120 


800100 


July 16 


" mdse.. 


360 



00 
00 
00 



B owes A $1300. A owes B $890. 

Balance favor of A $410. 

Balance of credit favor of A, 12140 days on $1. 

Balance of credit favor of A, 30 days on $410. 

Finally, the balance of account shows that B owes A. 

The balance of term of credit shows B owes A interest. 

Hence, the balance of account, $410, should have been paid 30 
days earlier than the assumed date, which, in this case, was July ID. 
The account could have been settled June 16, 1880. 

2. On Mr. B's books Mr. A's account stands : 

DR. Mr. A. OR. 



1880. 
June 1 
July 7 
Aug. 20 
Sept. 25 



To mdse. on 3 mo, 

" mdse 

** mdse 

" mdse 



$450 
375 
180 
250 



1880. 
July 3 
Sept. 5 
Oct. 10 
Nov. 16 



By cash.. 
". cash.. 
" cash.. 
** cash.. 



$400 

60 

75 

160 



00 
60 
00 
00 



What is the time of settlement? What the balance 
due? What must be the face of a note for 60 days, 
given in settlement? 

3. Mr, Joseph Mason holds two notes against Mr. 
John Craig. The first note is for $1500, dated Janu- 
ary 5, 1880, and due in 12 months. The second note 
is for $2100, dated January 5, 1880, and due in 18 
months. Mr. Craig wishes to give a new note, dated 
July 1, and take up the other two. What time should 
it run? xins. 9 rao., 19 days. 

4. A owes B $500, due in 10 mo. B owes A $1000. 
due in 5 mo. A owes B $300, due in 8 mo. B owes 
A $600, due in 4 mo. When may they settle? 
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401. A tax is an assessment on property or person 
for government purposes. 

402. A tax on property is a propertj^-tax. A tax 
on individuals is a poll-tax. 

403. A property-tax is levied on the estimated value 
of the property, at a certain rate per cent. 

404. A poll-tax is a certain sum assessed against 
each individual liable to taxation. 

406. In levying a tax on property the following ele- 
ments are considered : 

a. The value of- the property taxed. 
6. The amount of taxes to be raised, 
c. The rate of taxation. 

406. Given the valuation and the amonnt to be 
raised on the property to find the rate of taxation. 

1. On property valued at $345639, a tax of $1728.19^ 
is to be raised. Find the rate. Ans. .005. 

Suggestion. — This problem is similar to those under Art. 349. 

2. What is the rate of taxation when $435.39 is levied 
against property valued at $72565? 

407. Given the valuation and the rate of taxation 
to find the tax. > 

1. On property valued at $1276841, a tax is assessed 
at the rate of 4 mills on a dollar. What is the amount 
of the tax? 

Suggestion. — This problem is similar to those under Art. 848. 
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2. When the valuation is fixed at $456892, what 
amount of tax can be raised at 4^ mills on each dollar? 

408. Given the tax to be raised and tlie rate of 
taxation to find the valuation. 

1. What must be the valuation that a tax levied at 
the rate of 3 cents on a $100 may reach $3806.868? 

SusrS^stion* — This problem is similar to those ander Art. 357. 

2. In a village, the tax. to be raised for public pur- 
poses is $2875.20, and the rate is .005. Find the val- 
uation of the property. 

3. In the last example, what is Mr. A's tax, who is 
assessed $976? Mr. B's, who is assessed $1106? And 
Mr. C's, who is assessed $1319? 

4. Make a tax-table showing the tax from $1 to 
$10, on $100, $500, $1000, when property valued at 
$27000 is assessed $67.50? 



DUTIES. 

400. Duties are indirect taxes levied upon goods 
imported or exported. 

410. Duties are either 

a. Ad valorum^ and estimated on the value of the 

goods, or 
6. Specific, and estimated on the weight of the 

goods. 

411. Certain allowances, known as breakage, leak- 
age, tare, tret, are deducted before duties are levied. 

412. Before these allowances are made, the weight 
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of the goods, or the value of the goods, is known as 
gross weight, or grross value. 

413. After these allowances are made, the weight 
of the goods, or the value of the goods, is known as 
net weigrhty or net value. 

414. The terms breakage, leakage, sufficiently indi- 
cate the nature of these allowances. 

415. Tare is an allowance made for the weight of 
the bags or boxes whi6h contain the goods. Tret, an 
allowance made in weight on account of waste, or 
refuse matter. 

416. To compute ad valorum duties. 

Suggestion. — Compute the duty on the net valtte, at the given 
rate. 

1. A merchant invoiced 70 pieces of fine silk, each 
containing 60 yards, at $2.75 a yard. What was the 
duty, at 371 %? 

2. Find the duty on 27 cases of goods, each contain- 
ing 532 yards, invoiced at $1.37|., the duty being 
24|%? 

417. To compute specific duties. 

Suggestion. — Compute the duty on the net weighty at the given 
rate. 

1. When the duty on tea is 9 cents per pound, what 
duty must be paid on 50 chests of Y. H., each weigh- 
ing 125 lbs., tare 12^ %? 

2. Dodd, Brown & Co. imported 30 cases of goods, 
each weighing 658 ll)s. An allowance of 8 % being al- 
lowed for tare, and the duty being 40 %, what did they 
pay in gold, when gold was at $1.50? 
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3. When gold was quoted at 280, a merchant im- 
ported 21 cases of goods, each weighing in gross 710 
lbs. Tare being 10 %, and the duty 37^ %. What 
duty did he pay? 

MONEY, STOCKS AND BONDS. 

418. Money is a general medium for effecting ex- 
changes. 

419. Stocks are shares in any^enterprise carried on 
under a corporate name. 

420. A bond is a written, or printed obligation, se- 
curing the payment of a specified sum of money, at a 
specified time. 

421. A great variety of stocks and bonds are now 
dealt in : 

a. Bank stocks, which constitute bank capital. 
6. Mining stocks, of various kinds. 

c. Railway stocks, and railway bonds. 

d. Government bonds. 

e. State, city, county, township bonds. 

422. These are bought and sold either at par, at a 
discount, or at a premium. 

423. Stocks, or bonds are at par when they bring 
their face value ; at a discount when they bring less 
than their face value ; and at a premium when they 
bring more than their face value. 

424. Commissions are estimated on the par value of 
stocks or bonds. 

426. Market value is the present value of bonds or 
stocks. 
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426. Stocks and bonds are quoted at a certain rate 
per cent., which mdicates whether they are above, at, 
or below par. 

427. In problems of this class four elements are con- 
sidered : 

a. The par value of the stock or bond. 

b. The market value of the stock or bond. 

c. The rate of premium or discount. 

d. The amount of premium or discount. 

428. Hence, there are six cases. 

429. Given the par value and the rate to find the 
premium or discount. 

1. What is the market value of currency when it is 
at a discount of 37 ^ %? 

Suggestion. — This problem is similar to those under Art. 348. 

2. When gold is at a premium of 25 %, how much 
currency will buy $1250 in gold? 

3. When U. S. 6's are quoted at 125, what must I 
pay for $3560 iu bonds? 

4. When N. Y. Central is quoted at 121, what must 
I pay for 20 shares, the par value being $100? 

5. When Erie is at 37^, what will 2500 shares cost? 
Par value $100. 

430. Given the par value and the amount of 
premium or discount to find the rate per cent. 

1. For 20 shares of railway stock a man paid $1750. 
What was the rate of discount ? 

Suggestion.*— This problem is similar to those under Art. 349. 

15 
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2, If 50 shares of bank stock were bought for 
$4000 cash, what was the stock quoted at? 

Ans. 80 %. 

3. 20 shares of bank stock, whose par value was 100, 
was offered for $1250. What was it quoted at on the 
market? Ans. 37^ %. 

431. Given the premimn, or discount, and the rate 
to find the par value. 

Suggestion. — This problem is similar to those under Art. 360. 

1. At 5 % discount, 40 shares of railway stock cost 
$3800. What was the par value of the stock? 

Ans. $100. 

2. Sold 40 shares of $100 each, at a discount of $40. 
Find the market value, and the rate of discount. 

Eate 2 %. 

3. A man sold 300 shares of bank stock, at a dis- 
count of $4500. What was the rate, and what its 
market value? Rate 2 %. 

4. An operator made a clear profit of $2600 on 100 
shares of railway stock. What was it quoted? 

Ans. 126 %. 

432. Given the market value and the rate to find 
the par value. 

1. Seventy-five shares of bank stock sold for $7000, 
at a discount of 6| %. What was the par value of 
each share? 

Suggestion. — This problem is similar to those tinder Art. 350. 

2. If the market value of stock at 5 % premium is 
$2520, what is its par value? Ans. $2400. 
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3. Desiring money, a man sold a note he held 
against another, at 12 % discount, for $2563.44. What 
was the face of the note? Ans. $2913. 

4. A promissory note was sold at 15 % discount, for 
$11223.40. Find the face of the note, and the dis- 
count. 

433. To find the premium on gold when its value 
in currency is known. 

1. When a merchant is obliged to pay $2750 for 
$2000 in gold, what is the rate of premium on gold ? 

Sussestion. — What is the amoant of premium paid? 

$750 is what per cent, of $2000? See Akt. 349. 

2. If a man paid $150950 in currency for $150200 in 
gold, what was the rate of premium? Ans. \ %. 

434. Given the premium and rate to find the 
amount of the investment in grold, or in currency. 

1. When gold is quoted at 108, the premium on a 
gold investment amounts to $97.28. What amount of 
gold was purchased ? 

Suggestion. —What is the premium on $1 in gold? 

Then, $97.28 is the premium on how many dol- 
lars in gold? 

2. A merchant paid a premium on gold, amounting 
to $1677.87, when gold was quoted at 109. What 
amount did he buy? Ans. $18643. 

435. Given the investment, in currency, and the 
rate to find the investment in gold. 

1. What amount of gold can be purchased for 
$12339.60 in currency, when gold is quoted at 104? 
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8u|rS^<*^on. — What is the cost of 91 in gold? 

Then, $12339.60 will buy how many dollars in 
gold? 

2. When the premium on gold is 5} %, what amount 
of gold can be bought for $12660 in currency? 

3. Thb rate on gold being 12J %, how much gold can 
be bought for $27189? Ans. $24168? 

436. Given the rate of premium on gold to find 
the rate of discount on currency. 

1. When the rate of premium on gold is 50 %, what 
is the rate of discount on currency? 

Suggestion* — $l in gold costs how much currency? 

What is the loss on the money invested? 
Then, what is the rate of loss on the invest- 
ment? Ans. 33^. 

2. When gold is quoted at 133^, what is the rate of 
discount on currency? Ans. 25 %. 

437. To find the currency vaiue of goods bought 
on a gold basis. 

1. A merchant paid 40 cents a yard for goods in 
London, when gold was quoted at 112^. Find their 
value in currency. 

Suggestion. — The premium is what part of the cost in cur- 
rency? 
The cost in gold is what part of the cost in cur- 
rency? 
Then, what is the cost in currency? 

AAs. 45 cents. 

2. When silk is valued at $5.75 a yard on a gold 
basis, what must it bo valued a yard on a currency 
basis, gold being at 115? 
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3. Goods that cost 75 cents a yard on a gold basis, 
are worth what on a currency basis, when gold is at 
106|? 

4. A merchant bought goods in Liverpool at 6^ 
cents a yard, and paid duties in this country at the 
rate of 2Q %, in gold. After paying 2 % for freight, 
what must he mark the goods to realize a net profit of 
33^ %? Ans. 91 j\ cents. 

MISCELLANEOUS PROBLEMS. 

1. Sold bank stock at 95, and lost $950. Find the 
market value, and the par value. 

2. When 240 shares of bank stock brought $10800, 
discount being at the rate of 5 %, how much was lost 
if the stock was bought at a premium of 15 %? 

3. A broker made a purchase for a customer when 
railway stock was at 70, and charged 1^ % brokerage. 
He afterwards sold when the stock stood at 80, broker- 
age 1^ %. My gain being $754.37^, how many shares 
did I buy, if the par value was $25? 

4. What must a 6 % bond cost to yield 9 % on the 
investment? 

5. What must a 5 % bond cost to yield 8 % on the 
investment? 

6. What must a 4^ % bond cost to yield 4 % on the 
investment? 

7. What must a 5 % bond cost to yield 4 % on the 
investment? 

8. Which is the more profitable investment, a 5 % 
bond at 95, or a 6 % bond at 90? What per cent. ? 



Digitized 



by Google 



{ 



230 PRACTICAL ARITHMETIC. 

9. Sold U. S. 6's at 104, and invested in U. S. 
7-30's at 90. What per cent, did I gain or lose? 

PARTNERSHIP. 

438. Problems in partnership involve three elements, 
a. The number of partners, or persons interested. 
6. The amount of capital each partner invests. 

c. The time the capital was employed. 

439. Simple Partnership involves only the first two 
elements, the number of partners, and the amount of 
capital of each. 

1. A and B engaged in speculation and gained $2100. 
A's share of the capital was $4000, and B's share 
$3000. Find the gain of each 

Sugg^estion. — What was the entire capital invested? 

A's was what part of the entire capital? 
B's was what part of the entire capital? 
Then, A's gain was what parf of the entire gain? 
And B's gain was what part of the entire gain? 

440. From this analysis we derive the following rule 
for simple partnership : 

Rule. — I. Jf^ind the entire capital employed. 

II. I^ind what part each man's capital is of the entire 
capital. 

III. Take such part of the entire gain or loss for each 
partner, as his capital is of the entire capital. 

2. A, B, C, and D gain $2700 in trade. A's money 
was $200, B's was $275, C's, $325, D's, $100. Find 
the gain of each. 
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3. Two men engaged in trade for a certain time 
found they had lost $750. The investment of the first 
was twice as great as that of the second, whose capital 
was $2500. How much capital did each have at the 
close of the business ? 

First, $4500 ; second, $2250. 

4. Divide 2678 in the ratio of ^, ^, and ^. 

Suggestion. — What whole numbers are in the ratio of the 
given fractions? 

5. Divide $4400 among A, B, C, D,E, and F,in the 
ratio of the fractions J, |, |, | and |^. 

Note. — For further exercises see analysis, Art. 679. 

441. Compoiind partnership involves the three ele- 
ments : Number of partners, the amount of capital in- 
vested by each, and the time each one's capital was 
invested. 

1. Two men gained in business $2300. The capital 
of the first, $700, was employed 3 months ; the capital 
of the second, $500, was employed 5 months. What 
was each man's share of the gain? 

Suggestion. — $700 for 8 mo. equals what sum for 1 mo? 
$500 for 5 mo, equals what sum for 1 mo? 
What was the entire capital for 1 mo.? 
What part of the entire investment for 1 month 

was each man^s investment for 1 month? 
Then, what was each man's gain? 

442. From this analysis we derive the followmg rule 
for compound partnership : 

Bulb. I. — Find each man's investment for one 
month. 



Digitized 



by Google 



232 PRACTICAL ARITHMETIC. 

n. Find the entire investment for one month. 

m. Take michpart of the gain or loss^ as each marCs 
investment for one month is of the entire investment for 
one month. 

443. Any iavestment bears the same relation to any 
other investment that the profit, or loss, on the first ia- 
vestment bears to the profit, or loss, on the second in- 
vestment, when the investments are made for the same 
length of time, at the same rate of profit. This funda- 
mental principle underlies all problems in partnership. 

2. If four men, engaged in trade, gain $1480, what 
is the remaining capital of each at the end of the trans- 
action, if the first man invested $900 for 2 months, the 
second man $700 for 3 months, the third man $1100 
for 4 months, and the fourth man $1300 for 5 months? 

3. A, whose investment was for 6 months, received 
$420 profit ; B, whose investment was for 7 months, 
received $280 profit. If the whole investment was 
$3300, what sum did each man invest? 

EXCHANGE. 

444. Exchange is the process of paying a debt due 
in the money of one country, in an equivalent value 
expressed in the money of the other country. 

445. Exchange is either Domestic, or Foreigrn. 

446. Payments made at distances are effected by 
means of a draft. When drawn on a foreign country, 
the draft is kno\«rn as a Bill of Exchange. 

447. A draft, or bill requiring payment when pre- 
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sentedy is a Sight Draft. One requiring pa3mient in a 
specified time, is a Time Draft, or Bill. 

448. The original pailies to a bill are the Maker, 
the Drawee, the Payee. Others may become parties 
by indorsement, or by acceptance after protest. 

449. Acceptance is necessary only in the case of 
time drafts. 

460. An Acceptance consists in the drawee, or party 
on whom the bill is drawn, writing his name across the 
face of the bill, together with the date of acceptance. 
This is generally done in red ink. 

451. An acceptance fixes the legal obligation of the 
drawee, who, before acceptance, is not bound to pay 
the bill at maturity. 

452. The Par of Exchange is based on the relative 
value of the money of different nations. 

453. The relative value of the money of different 
nations depends 

a. On the intrinsic value of their coins, deter- 
mined by their weight and purity. 

6. On the commercial value of their coins ; that 
is, on their market value. 

454. Rate of Exchange is the current price of a 
draft at the place where it is purchased. 

455. The rate of exchange depends on a variety of 
conditions, and is almost constantly varying. 

456. Direct Exchange is effected between only two 
countries ; Indirect Exchange between three or more. 

457. Indirect Exchange is called Arbitration of Ex- 
change ; and consists in making remittances from one 
country to another, by the way of other countries. 
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458. Given the rate to find the cost of a sight 
draft. 

1. What is the cost of a sight draft on N. Y. for 
$1000, the rate of exchange being l^ % above par? 

Suggestion. — What is the cost of $1, at 1} % premium? 

What is the cost of $1000, at the same rate? 

2. Find the cost of a sight draft on San Francisco 
for $2500, when the rate is | % discount. 

459. Given the time and rate to find the cost of 
a time draft. 

1. What is the cost of a draft on N. Y. for $2000, 
bought at St. Louis, and payable 60 days after date, 
when money is worth 8 %, and exchange is | % dis- 
count? 

Suggestion. — What is the present worth of $1 due in 63 days, 
at 8 % discount? 

Then, what will ^1 of the draft cost, at } % dis- 
count? 

And, what will ^2000 of the draft cost? 

2. A draft on Boston for $1500, payable in 30 days, 
is bought when the rate of exchange is ^ % premium. 
Find its cost. 

460. Given the rate, time, and cost of a time draft 
to find its face. 

1. A merchant paid $3200 for a draft on N. Y., pay- 
able in 60 days, when the discount was 1| %. Find 
the face of the draft. 

Suggestion* — What is the present worth of $1, due in 63 days, 
at IJ % discount? 
Then, ^3200 is the present worth of how many 
dollars. 
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2. Sent an agent in New Orleans a draft for £15000, 
payable in 30 days, premium at | %, to be inyested in 
cotton at 11|^ cents, his commission being 2^ %. How 
much cotton did I purchase ? What did the draft cost? 

3. A merchant in N. Y. wishing to remit £3840 to 
London, finds that a pound sterling is quoted at $4.86, 
and gold at 110. What must he pay for a draft to 
cover the amount? 

4. What milst be the face of a sight draft for £1500, 
when sterling exchange is $4.84|^, and gold at 101|? 

What would be the face of this draft, if drawn for 
90 days? 

ALLIGATION. 

461. Alligation treats of compounding ingredients 
of different values. 

a. So as to obtain the average value 9f the mix- 
ture ; or 

6. So as to determine the ratio in which the quan- 
tities may be mixed to yield a given average. 

462. Alligation Medial is the process of determin- 
ing the average price when the different prices of the 
several ingredients are known. 

463. Alligration Alternate is the process of determ- 



The ratio in which the ingredients must be mixed 

to yield a given ratio. 
The quantity of the other ingredients taken 

when one of the ingredients is limited. 
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c. The quantity of each ingredient when the mix- 
ture is limited. 

464. Given the quantity of eacli ingredient and 
tlie price of each to find the average price. 

1. A grocer mixed sugars at different prices, as fol- 
lows : 25 lbs. at 6 cents, 40 lbs. at 6 J cents, 50 lbs. at 
8 cents, 15 lbs. at 4 cents, 20 lbs. at 9 cents. At what 
price must he sell the mixture? 

Sug^gestion. — Find the cost of 25 lbs. at 6 cents. 
Find the cost of 40 lbs. at 6^ cents. 
Find the cost of 50 lbs. at 8 cents. 
Find the cost of 15 lbs. at 4 cents. 
Find the cost of 20 lbs. at 9 cents. 
Then the cost of 150 lbs. was 1050 cents. 
What must be the price of one pound? 

2. Find the average price of the following mixture : 
10 lbs. of tea, at 70 cents, 20 lbs. at 80 cents, 35 lbs. at 
$1.10? 

3. At what price per pound can a mixture of 20 lbs. 
of butter at 40 cents, 10 lbs. at 30 cents, 5 lbs. at 15 
cents, and 2 lbs. at 10 cents, be sold so as to neither 
gain nor lose by the opemtion? 

4. Find the average price of 100 lbs. of flour at 3^ 
cents, 30 lbs. of meal at |. of a cent, and 15 lbs. of 
bran at | of a cent? Ans. 2 J cts. nearly. 

465. Given the prices of tlie several quantities, and 
the average price, to find the ratio of the mixture. 

1. In what ratio must sugars at 8 cents, 10 cents, 12 
cents, and 15 cents a pound, be mixed to make the 
mixture worth 11 cents a pound? 
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Av. price, 
11 cents. 



OPERATION. 

On 1 lb. worth 8 cts., but sold at 11 cts., 
there Is a gain of 3 cts. Hence, to gain only 
1 cent 3 of a pound must be taken. 

On 1 lb. worth 10 cts., but sold at 11 cts., 
there is a gain of 1 ct. Hence, to gain only 
1 cent 1 pound must be taken. 

On 1 lb. worth 12 cts., but sold at 11 cts., 
there is a loss of 1 ct. Hence, to lose only 1 
cent 1 pound must be taken. 

On 1 lb. worth 15 cts., but sold at 11 cts., 
there is a loss of 4 cts. Hence, to lose only 
1 cent J of a lb. must be taken. 



Gain, 
1 cent. 



Gain, 
1 cent. 



Loss, 
1 cent. 



Loss, 
1 cent. 



Thus, by taking J of a pound at 8 cents, and 1 pound at 10 cents, 
there is a gain of 2 cents. 

But, by taking 1 pound at 12 cents, and J of a pound at 15 cents, 
there is a loss of 2 cents. 

Now, any integers in the ratio of J, 1, 1 and J-, will represent the 
relative number of pounds of each ingredient to be taken to make a 
mixture worth 11 cents a pound. 

We may take 4 lbs. at 8 cents, 1 lb. at 10 cents, 1 lb. at 12 c^nts, 
and 8 pounds at 15 cents. 

Proof. —4 lbs. at 8 cents are worth 32 cents. 
1 lb. at 10 cents is worth 10 cents. 
1 lb. at 12 cents is worth 12 cents. 
3 lbs. at 15 cents are worth 45 cents. 

Then, 9 pounds are worth 99 cents. 

And 1 pound is worth 11 cents, the average price. 

Note — This class of problems admits of a variety of solutions, 
each solution giving a different result, but all the results satisfying 
the conditions of the problem. 

466. The principle involved in Art. 265 underlies 
Arts. 467 and 468. 
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467. To find the quantity of each in^edient when 
the quantity of one is limited. 

1. A grocer mixed 72 pounds of sugar at 12 cents, 
with sugars at 4, 5 and 9 cents a pound, so as to sell 
the mixture at 8 cents. How many pounds of each 
did he take ? 

Sugg^estion. — By Art. 465 we find the ratio of the mixture to 
be as follows ; 3 lbs, at 4 cts., 4 lbs. at 5 cts., 
12 lbs. at 9 cents., and 3 lbs. at 12 cents. 
But, as there are 24 times 3 lbs. at 12 cts., 
there must be in the mixture 24 X ^ or 72 lbs. 
at 4 cts. ; 24 X 4| or 96 lbs. at 5 cts. ; 24 X 12^ 
or 288 lbs. at 9 cts. 

Note. — Let the pupils find Jive other answers, and prove them. 

468. To find the quantity of each in^edient when 
the quantity of the mixture is limited* 

1. What are the respective quantities of sugar at 4, 
8, 10 and 12 cents a pound, in a mixture of 200 pounds, 
worth 9 cents a pound ? 

Suggestion. — Find, by Abt. 465, the integral ratios. 

Then, by Art. 440, divide 200 in the ratio of 
these numbers. 

469. A large class of problems may be solved by a 
judicious application of the principles involved in 
Arts. 465, 466, 467, 468. They are, however, of little 
practical importance. 

miscellaneous problems. 

2. A man bought 200 bushels of grain at 90 cents, 
150 at 70 cents, and 250 at $1. He wishes to pur- 
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chase a sufficient number of bushels at 50 cents, to 
enable hi^i to sell the lot at an average price of 75 
cents a bushel, and realize a profit of 25 %. How 
many bushels must he buy? Ans. 1750. 

3. A speculator bought land at an average price per 
acre, of $75. His investment amounted to $18750. 
If the land cost him $60, $70, $80 and $85 an acre, 
how many acres at each of these prices did he buy? 

4. At what price per bushel must a mixture of wheat 
consisting of 45 bushels worth 95 cts., 30 bushels 
worth $1, and 25 bushels worth $1.05, be sold to real- 
ize a profit of 5 per cent? 



POWERS AND ROOTS. 

470. Finding any power of a number is called invo- 
IntioM. 

471. The first power of a number is the number 
itself. 

472. The Second Power of a number is the Prod- 
uct found by taking the number twice as a factor. 

473. The Third Power of a number is the product 
found by taking the number three times as a factor 

474. Any Power of a number is the product found 
by taking that number as many times as a factor as 
there are units in the index of the power. 

475. The index of a power is a figure placed at the 
right and a little above the number. Thus : 

2' means the second power of 2, or 2 X 2. 
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3' means the third power of 3,, or 3 X 3 X 3. 

4* means the fourth power of 4, or 4 X 4 X 4 X 4. 

Numbers. 1, 2, 3, 4, 5, 6, 7, 8, 9. 
Squares. 1, 4, 9, 16, 25, 36, 49, 64, 81. 

Heuce, the square, or second power of any number 
consisting of one figure, cannot consist of more than 
ttvo figures. 

Numbers. 10, 20, 30, 40, 60, 60, 70, 80, 99. 
Squares. 100, 400, 900, 1600, 2600, 3600, 4900, 6400, 9801. 

Hence, the square of a number consisting of two 
figures cannot consist of more than four figures. 

476. To involve, or raise a number to any power 
consists in taking the number a given number of times 
as a factor. 

477. The second power is called the square, 

478. The third power is called the cube. 

EXERCISES. 

1. Find the first five powers of 2 ; of 3 ; of 4. 

2. Find the first five powers of 5 ; of 6 ; of 7. 

3. Find the third power of 8 ; the fourth power 
of 9. 

4. Fint* the fifth power of 10 ; the sixth power 
of 11. 

Find the powers indicated below : 

5. (12)% (13)*, (14)% (15)% (16)% (17)% (18)% 
(19)% (20)% 

6. Find the square of 21, 23, 25, 27, 29. 

7. Find the cube of 22, 24, 26, 28, 30. 
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8. Square 31, 33, ^5, 37, 39, 41, 43, 45. 

9. Cube 32, 34, 36, 38, 40, 42, 44, 46. 

10. Square 1, 10, 100, 1000, 10000, 100000. 

11. Cube 1, 10, 100, 1000, 10000, 100000. 

12. What is the square of 101, 103, 105, 107, 109, 
111? 

13. What is the square of 102, 104, 106, 108, 110, 
112? 

14. What is the cube of 22, 44, 55, 66, 77, 88, 99? 

15. What is the cube of 62, 72, 82, 92? 

479. To find any power of a fraction. 

1. Find the square of 2^; the cube of 2^; the 
fourth power of 2|. 

Sug^gestion. — This is the case of multiplying a fraction by a 
fraction. 

2. Square- 3^, 3^, 3|, 4^, 4^, 4J, 4|, 4|. 

3. Cube 4^ 4^, 41, 4|, 4|, 4|, 44. 

4. Square .5, .7, .08, .09, .011, .0012. 

Susgestion. —This is the case of multiplying a decimal by a 
decimal. 

5. Cube .2, .02, .002, .22, .022, .222. 

6. Cube .25, .125, .1235, 1.235, 12.35, 123.5. 

7. Square 12345.6, 1234.56, 123.456, 12.3456, 
1.23456, .123456. 

SQUARE ROOT. 

480. The root of a number is one of the equal 
factors which produced it. 

481. The Square Root of any number is one of the 
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two equal factors which produced it, and may be indi- 
cated by the radical sign,* thus: V25. Thus, the 
square root of 25 is 5 ; of 36 is 6 ; of 49 is 7 ; of 100 
is 10 ; of 225 is 15 ; of 324 is 18. 

For, 

1st. 5X5 produces 25 

2d. 6X6 produces 36. 

3d. 7X7 produces 49. 

4th. 10 X 10 produces 100. 

5th. 15 X 15 produces 225. 

6th. 18 X 18 produces 324. ' 

482. The finding, or extracting the square root of a 
number consists in resolving that number into two equal 
factors, 

483. In a few cases, as those given, this may be 
effected by inspection ; but in most cases this cannot 
be so easilv effected. 

484. To extract the square root of a number. 

1. What is the square root of 625? 

FIRST METHOD. 

Resolving 625 into its prime factors, we find them to be 6, 6, 6, 
and 6. Hence, as the power is tlie product of two equal factors, 
one of these factors must be 5X5, or 25. Therefore, 26 is the squai^ 
root of 625. 

2. What is the square root of 1296? 

Suggestion. —What are the prime factors of 1296? 

What is the product of one of each couple of the 
equal factors? 

3. What is the square root of 5625? 
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4. What is the square root of 55696? 

5. What is the square root of 1679616? 

485. The square root of those numbers only which 
are perfect squares can be found by this method. 

SECOND METHOD. 

486. To determine tbe relation of %niunber to its 
square. 

1. What is the square of 25? 

Explanation. — The number 25 consists of 20 tens plus 5 
units. Then, the square of 25 is the product of 20 tens plus 6 units 
multiplied by 20 tens plus 5 units. 

First, 20 times 20 gives 400, (20)'^ operation. 

Second, 20 times 6 gives lOQ, or 20X6. Tens. Units. 

Third, 5 times 20 gives 100, or 20X6. 20 -f- 5 

Fourth, 5 times 6 gives 26, or (6)^ 20 -f 6 

(20y 4- 20X5 
20X5 + (5)^ 

The sum of these several partial products 

gives as the total product (20)"^ -f 2 (20X6) -f (6)^ 

487. Hence, The square of any number consisting of 
tens and units is composed of the square of the tens, 
plus twice the product of the tens by the unitSy plus the 
square of the units. 

488. From this general law it follows 

a. That if from the square of a number, the square 
of the tens figure in the root be subtracted, 
the remainder will consist, 

6. Of twice the tens figure increased by the units 
figure, all multiplied by the units figure. 
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Hence, 
c. The units figure may be found by dividing this 
remainder by twice the tens figure of the 
root. 

489. Since every number may be regarded as com- 
posed of tens and units, the above law applies to every 
number, and the deductions marked a, 6, c, apply to 
number in general. 

490. From this analysis we derive the following 
rule for extracting the square root of any number. 

OENRRAL RULE. 

I. To determine the number of figures in the rooty 
place a dot over wnfs, hundreds^ ten-thousands^ and 
80 on. 

II. Find the greatest square in the left peHod^ and 
place its root at the rights as in division. 

III. Subtract the square of the root already found 
from the left period^ and bring down the next period. 

IV. Double the root already founds and place it at the 
left for a trial divisor. 

V. Write (he figure expressing the number of times 
the trial divisor is contained in the dividend (exdu- 
sive of its right-hand figure )y as the second figure of 
the root, 

VI. Annex the figure of the root to the trial divisor, 
and multiply this result by the last figure of the root. 

VII. Subtract this product from the dividend^ and 
bring down the next period. 
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Vlll. Double the root already founds and proceed 
as before until the last period is exhausted. The root 
thus found will be the root required. 

Notes. — 1 . When the given number is not a perfect square its root 
will be expressed by a whole number and decimal. 

2. In determining the number of figures in the decimal part of the 
root, place a dot over hundredths, ten-thousandths, millionths, and 
so on. 

3. When the trial divisor is not contained in the dividend place a 
cipher in the root, and proceed as before. 

4. If the remainder in any instance should be greater than the trial 
divisor, the last quotient figure may have been taken too small, and 
it may not. This can be determined only by trial. 

6. The square root of an imperfect square can be expressed only 
approximately. The operation should be carried, generally, to six 
decimals in the root. 

6. When either term of a fraction is not a perfect square, reduce 
the fraction to a decimal and then extract its root. 

7. Sometimes, by reducing a fraction to lower terms it may be 
rendered a perfect square. 

1. What is the square root of 67305616? 

Explanation. — By placing a dot over the alternate figures 
we find the root will contain four figures. 

The greatest square in the left period, 67, is 64. The square 
root of 64 is 8. 

The first dividend is 330. The trial divisor is contained in 330, 
exclusive of the right hand figure, 2 times. 

Annexing 2 to the trial divisor, the result, or complete divisor is 
162; multiplying this by 2, subtracting and bringing down the next 
period, 56, the dividend is 656. 

The second trial divisor is not contained in the dividend, so we 
place a cipher in the root, and bring down the next period, 16. 
This makes the new dividend, 65616. 

The third trial divisor, which is 1640, is contained in 65616, exclu- 
sive of the right hand figure, four times. 

Annexing this figure to the root, and multiplying the complete 
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divisor thus formed, by 4, there is no remainder. 
Hence, the square root of 67305616 is 8204. 

OPERATION. 

67305616(8204 root. 

Ist trial divisor 2X8 =16 ) 330 

Complete divisor... 162 324 

2d trial divisor 2 X 82 =164 ) 65616 

3d trial divisor 2 X 820 = 1640 

3d complete divisor 16404 65616 

00000 Final remainder. 
Note. — Had there been a remainder after subtracting 65616, the 
operation could have been continued by annexing two ciphers after 
each division, and proceeding as before, the figures of the root, thus 
obtained, being decimals. 

Extract the square root of 

1. 4. 11. 132 21. 484. 

2. 9. 12. 144. 22. 441. 

3. 16. 13. 169. 23. 576. 

4. 25. 14. 196. 24. 529. 

5. 36. 15. 225. 25. 625. 

6. 49. 16. 256. 26. 729. 

7. 64. 17. 289. 27. 676. 

8. 81. 18. 324. 28. 961. Ans. 31. 

9. 100. 19. 361. 29. 1681; Ans. 41. 
10. 121. 20. 400. 30. 2601. Ans. 51. 

31. Find the square root of 12345. 

32. Find the square root of 234567. 

33. What is the square root of 3456789? 

34. What is the square root of 234567890? 

35. What is the square root of 987654321? 
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401. To extract the square root of a common 
fraction. 

1. Extract the square root of \. 

Suggestion. —What fraction multiplied by itself will give \? 
Then, what is the square root of J? 

2. Extract the square root of |; of y\; of ^|. 

3. Extract the square root of || ; of || ; of |J. 

4. Extract the square root of y\ ; of |f ; of y^l^^. 

5. Extract the square root of ^f ; of \^^. 

6. Extract the square root of 1^, 2^, 3^, 4|, 5|. 



GEOMETRICAL METHOD. 

492, The square of any number is the same as the 
product of one side of a square by another side. 

403. To find the side of a square when its area is 
given. 

1. The area of a square field is 9704 square rods. 
What is the length of one side of the square? 

Suggestion. — The area of a square is found by multipl^ring its 
length by its breadth. Since its length equals its breadth, its area 
equals the square of one of its sides. Hence, to find the side of a 
square whose area is known, we must resolve the number expressing 
its area into two equal factors. 

By carefully examining the annexed dia- 
gram, we find that the area of a square is 
composed of three distinct parts : 1st. The 
square A. 2d. The square B. 3d. The two 
equal oblongs represented by C. 

Now, the side of the square A may be ex- 
pressed by the tens figure of the root re- 
quired. 

The side of the square B may be repre- 
sented by the units figure of the root. 
The area of the square A is expressed by the square of the tens 
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figure of the root. The area of the square B is expressed by the 
square of the units figure of the root. 

The area of each of the oblongs marked C, is expressed by the 
product of the tens by the units figure of the root. And the area of 
both the oblongs is expressed by twice the product of the tens by 
the units figure of the root. 

Hence, the area of the whole square composed of the several 
parts A, B, and C, equals the square of the tens plus twice the product 
of the tens by the units^ plus the square of the units. 

The square root of 9704, found by the rule, is 98. Hence, the 
square A equals (90)^; the square B equals (8)*. The two oblongs 
represented by C equal 2 (90 + 8) . 

Finally, since the area of the original square is 9704 square rods, 
and since its area is the square of one of its sides, and since the square 
root of 9704 is 98, then the side of the square is 98 rods in length. 

404. A variety of problems, more or less difficult, 
may be solved by an application of the principles in- 
volved in square root. 

1 . Find the side of a square whose area shall be four 
times as great as one,the side of which is 41 feet. 

Suggestion* — What is the area of a square 41 feet on a side? 
What is four times its area? 
What is the side of a square containing this area? 

2. Find the side of a square having the same area as 
an oblong 64 feet by 16 feet? 

Suggestion. — What is the area of the given oblong? 

What is the side of a square equal in area? 

3. An oblong containing 10368 square feet, is twice 
as long as it is wide. How long, and how wide is it? 

Suggestion. — If it was just as long as it is wide, what would 
be its length? What its shape? 

What would be its area? 

What the length of a side of this figure? 

This dimension corresponds to what dimen- 
sion of the oblong? 
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445, A triangle is a plane figure bounded by three 
straight lines called its sides. 

406. A right-angled triangle is a triangle having two 
of its sides perpendicular to each other, as in the figure 
in the margin. 

497. The sides of a right-angled tri- 
angle have special names. The sides 
enclosing the right angle, as A B, B C, 
are the base and perpendicular, re- 
spectively. The side lying opposite 
the right angle is the hypothenuse. 

408. These three sides bear a con- Base, 

stant relation to each other, such that, 

Tlie square of the hypothenuse equals the sum of the 
squares of the base and perpendicular . Hence, 

400. Any two sides of a triangle being known, the 
third side may be found as follows : 

1 . To find the hypothenuse when the base and per- 
pendicular are known : 

Add the square of the base to the square of the perpen- 
dicular ^ and extract the square root of their sum. 

2. To find the base when the hypothenuse and 
perpendicular are known : 

From the square of the hypothenuse subtract the 
square of the perpendicular^ and extract the square root 
of the difference. 

3. To find the perpendicular when the hypothe- 
nuse and base are known : 
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From the sqxmre of the hypothenuse subtract the 
square of the baae^ and extract the square root of the 
difference. 

EXAMPLES. 

1. In a right-angled triangle the base is three feet, 
and the perpendicular 4 feet. What is the length of 
the hypothenuse? Ans. 5 feet. 

2. In a right-angled triangle the base is 24 feet, and 
the perpendicular 32 feet. What is the hypothenuse? 

Ans. 40 feet. 

3. In a right-angled triangle the base is 7, and the 
perpendicular 24. What is the hypothenuse? 

Ans. 25 feet. 

4. In a right-angled triangle the base is 13, and the 
perpendicular 64. What is the length of the hypo- 
thenuse? Ans. 65. 

5. Find the base of a right-angled triangle whose 
perpendicular \^ 40, and whoso hypothenuse is 41. 

6. Find the base of a right triangle whose peipen- 
dicular is 36 feet, and hypothenuse 45 feet. 

7. Find the base of a right-angle triangle whose per- 
pendicular is 68, and hypothenuse 85. 

8. If the hypothenuse is 181, and the perpendicular 
is 180, what is the length of the base? 

9. A tree standing on a plane was broken by the 
wind, 20 feet from the ground, and" the top of the 
tree struck the ground 15 feet from the foot of the 
tree. What was the hight of the tree before it was 
broken? 
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Sugs^Stion. — What figure is formed by the two parts of the 
tree and the ground? 
What is the length of the base? The perpen- 
dicular? 
Thehypothetiuse? The tree? 

10. A public park, in the form of a square, is 81 
rods on a side. What is the distance between its oppo- 
site corners ? 

11. A room is 18 feet wide, and 24 feet in length. 
What is the distance on the floor between its opposite 
corners ? 

12. If the hight of the above room is 15 feet, what 
is the distance from one of its corners on the floor to 
the opposite upper corner? 

13. The distance between two trees standing on a 
plane, measured on the ground, is 200 feet ; one of the 
trees is 150 feet high, and the other 100 feet high. 
Find the distance between their tops. 

14. The area of a square is 6241 square rods. Find 
the distance between its opposite corners. 

15. The edge of a certain cube is 21 inches. Find 
the greatest distance between two of its corners. 

16. lu the last example, what is the perpendicular 
distance from the center of the cube to one of its 
faces? 

17. Two men start, at the same time, from the same 
comer of a rectangular park, and walk with equal speed 
until they meet. One of them walks diagonally across 
the park, and turns to meet the other ; the other walks 
along the sides of the park. The park is twice as long 
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as it is wide, and contains 256 square rods. How 
many feet along the side of the park must the first man 
travel ? 

18. How many feet must the side of a square 80 feet 
long, be increased, to contain five times as many square 
feet? 

19. Find the side of a square which shall contain 
one-third as many square rods as one whose side is 18 
rods in length. 

20. A steeple, partly finished, cast a shadow 92 feet 
in length, at a certain time of day. When the steeple 
was completed it cast a shadow 48 feet longer. The 
distance from the top of the steeple to the edge of its 
shadow at this time, being 210 feet. What was its 
hight when its shadow was 92 feet? 

CUBE ROOT. 

500. The Cube Boot of a number is one of the' 
three equal factors which produced it, and may be 
indicated by the radical sign, thus : V27. 

501. The square root is indicated by V? or *\/ ; but 
to indicate any other root an appropriate index must 
be used in connection with the radical sign. Thus : 
the cube root of 27 is 3 ; of 64 is 4 ; of 125 is 5 ; of 
8 is 2; of 216 is 6. For, 

1st 3X3X3 produces 27, 

2d. 4X4X4 produces 64. 

3d. 5X5X5 produces 125. 

4th. 2X2X2 produces 8. 
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5th. 6X6X6 produces 216. 

i02. Finding the cube root of a number, then, 
consists in resolving that number into three equal 
factors, 

503. In the few cases given this may be done by 
simple inspection, but in most instances the process is 
somewhat laborious. 

504* To extract the cube root of a number. 

FIRST METHOD. 

I. What is the cube root of 1728? 

Suggestion. — What are the prime factors of 1728? 

What is the product of one of each three of the 
equal factors? 

2. What is the cube root of 59319? Ans. 39. 

3. What is the cube root of 15625? 

4. What is the cube root of 592704? Ans. 84. 

5. What is the cube root of 1331? 

6. Find the cube root of 54872. 

7. Find the cube root of 59319. 

8. Find the cube root of 68921. 

9. Find the cube root of 64000. 
10. Find the cube root of 166375. 

II. Find the cube root of 91125. 

12. Find the cube root of 421875. 

13. Find the cube root of 512000. 

14. Find the cube root of 729000. 

15. Find the cube root of 778688. 

505. The cube root of those numbers only which 
are perfect cubes can be found by this method. 
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SECOND METHOD. 

506. To determine the relation of a niunber to its 
cube. 

1. What is the cube of 24? 

Explanation.— The number 24 consists of 20 tens plus 4 
units. Then, the cube of 24 is the product of 20 tens plus 4 units, 
taken three times as a factor. 

First. 20 times 20 gives operation. 

400, or (20)«. 

J «^ .. . . tens. units. 

Second. 20 times 4 gives 

80, or 20 X^ 20 X 4 1st. factor. 

Third. 4 times 20 gives 

80, or4X20 20 X ^ 2d. factor. 

Fourth. 4 times 4 gives 

16, or4X4 (20)^ + 20X4 

20X4 + W* 
Hence, the square of 20 -|- 

4, or (20 + 4) (20 + 4), is... (20^ + 2 (20 X 4 ) + (4)^ 

Fifth. In a similar man- 20 -f 4, 3d. factor. 

ner, by multiplying the prod- 

uct thus obtained, by the (20)»-f 2[(20)«X4] + 20X W 

third factor (20 + 4), we (20)^ X4 + 2 [(20X (4)']4-W« 

find the cube of (20 + 4) to 

be ^. (20)« + 3(20)»X4)+3(20X(4^ + C4)».a. 

This may be put under 

the form (20)«+ ^ 3 (20)»+3 (20X4) +4« J.4. b. 

607. Hence, The cube of any number consisting of 
tens and units is composed of the cube of the tens, plus 
three times the square of the tens, multiplied by the 
unitSy plus three times the tens multiplied by the 
square of the units, plus the cube of the units. 

608. Thus, the cube of any number consists of four 
parts expressed in terms of the tens and units com* 
posing it. 
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1st. Part. The cube of the tens. 

2d. Part. Three times the square of the tens, multi- 
plied by the units. 

3d. Part. Three times the tens, multiplied by the 
square of the units. 

4th. Part. The cube of the units. 

509. From this general law it follows : 

a. That, if from the cube of a number, the cube of 
the tens figure in the root be subtracted, the remainder 
will consist, 

5. Of two factors, one of which is the units figure 
of the root. 

c. And the other factor is composed of the sum of 

1. Three times the square of the tens figure of the 
root. 

2. Three times the tens figure, multiplied by the 
units figure. 

3. The square of the tens figure of the root. * 

510. One of these factors we obtain in the form of 
a trial divisor, as in extracting the square root, by 
taking the results indicated in 1, 2, and 3. 

511. Since every number may be regarded as con- 
sisting of tens and units, the above law applies to 
every number, and the deductions marked a, 6, c, 
apply to number in general. 

612. From this analysis we derive the following rule 
for extracting the cube root of any number : 

GENERAL RULE. 

I. To determine the number of figures in the rootf 
place a dot over units^ thousands^ millions^ and so on. 
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n. Find the greatest cube in the left period^ and 
place its root at the right , as in division. 

in. Subtract the cube of the root . already found 
from the left peHod, and bring down the next period. 

IV. Square the part of the root found and multiply 
by three, for a trial divisor. 

V. Write the figure expressing the number of times 
the trial divisor is contained in the dividend (^exclusive 
of its two right-hand figures) y as the second figure of 
the root. 

VI. Multiply the last figure of the root already 
found by the rest of the root, and by three, and annex 
this product to the trial divisor. Complete the divisor 
by annexing the square of the last figure of the root. 

VII. Multiply the complete divisor thus found, by 
the last figure of the root, subtract the product from 
the dividend, and bring doion the next period. 

VIII. Square the root now found and multiply by 
three for a trial divisor. Complete the trial divisor as 
before, multiply by the last figure of the root, mbtract, 
and bring down the next period, 

IX. Proceed in the same manner until all the periods 
are brought down. 

Notes. — 1. If, after the last period is brought down, there is a 
remainder, annex ciphers for the next period, and proceed as before. 
The figures of the root thus found will be the decimal part of the 
root. 

2. In determining the number of decimal figures in the root, 
point from units place toward* the right, placing a dot over every 
third figure. 

S. When the trial divisor is not contained in the dividend, place a 
cipher in the root, and proceed as before, 



Digitized 



by Google 



CUBE ROOT. 257 

4. The cube root of a fraction, when its terms are perfect, 
may be found by extracting the cube root of both of its terms. 

5. A fraction may sometimes be made a perfect cube by re- 
ducing it to lower terms. 

6. If a fraction when reduced to lower terms is not a perfect 
cube, change it to a decimal, and then extract its cube root. 

1. What is the cube root of 1728? 

£xpla nation. operation. 

The root will con- 1728(12. Root. 

tain two figures. The 1X1X1 = 1 

greatest cube in the 1st. Trial Divisor 

left period, 1, is 1; is (1)^X3 =3)728 Ist. New Dividend. 

its cube root is 1. 1X2X8 = 6 

Cubing and subtract- 2X2= 4 

ing, the first new div- Complete Di 

idend is 728. The visor 864 728 

first trial divisor is — 

1 times 1 times 3, 000 Remainder. 

which is 8. The additions to be made to the trial divisor are, 1st. 

1 times 2 times 8, which is 6. 2d. 2 times 2, which is 4. 

The complete divisor, then, is 864. Finally, the product of 364 
by the last figure of the root, which is 2, gives 728, which exhausts 
the dividend. Hence, the cube root of 1728 is 12. 

Suggestion • — Let the pupils extract the cube root of the 
examples under Art. 504, by this method. 

Extract the cube root of the following fractions : 

11 7 64 

9 1 8 1^ 

9 1 q 128 

AS 10 24 

K 8 11 248 

D. j^. 11. jj . 

6 27 10 482 

• TT* ^^' TTITT' 

17 



13. 


.2. 


14. 


.03. 


15. 


.0356. 


16. 


.4126. 


17. 


.56816. 


18. 


.123456. 
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EXAMPLES. 

1. Find the side of a cube which contains 8 times 
as many cubic feet as a cube whose edge is | of a 
foot. 

2. Find the edge of a cube which shall contain the 
same number of cubic inches as a solid 216 inches 
long, 27 inches wide, 8 inches thick. 

3. How large a cubic bin will contain as many 
bushels as a bin 20 feet long, 7 feet wide, and 5 feet 
deep? 

4. How many small cubes can be cut from a large 
cube, allowing nothing for waste, the edge of each 
small cube being ^ of an inch, and that of the larger 
cube being 2 feet? Ans. 884736. 

Note. — For further exercises in the application of cube root, see 
the subject of Analysis, Art. 579. 



ARITHMETICAL. PBOGBESSIOX. 

513. An Arithmetical Progression is a series of 

numbers which increases or decreases by a common 
difference; as. 

First: 1, 2, 8, 4, 6, 6, 7, 8, 9, 10.1 

8, 6, 7, 9, 11, 18, 15, 17. [• Ascending Series. 
2, 6, 8, 11, 14, 17, 20, 28. 



Second: 10, 9, 8, 7, 6, 6, i, 8, 
17, 15, 18, 11, 9, 7, 5, 8, 
28, 20, 17, 14, 11, 8, 5, 2. 



Descending Series. 
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514. When each succeeding term increases by a 
common difCerence, the series is an ascending: series ; 
as, the three series marked First, in art. 513. 

615. When each succeeding term decreases by a 
common difference the series is a decreasing: series ; 
as, the three series marked Second, above. 

516. In any arithmetical series, whether ascending 
or descending, only five quantities are considered, viz. : 

1st. The First term. 
2d. The Common difference. 
3d. The Number of terms. 
4th. The Last term. 
5th. The Sum of the series. 

517. Any three of these quantities being known, 
the other two quantities can be found. 

518. These five quantities may be combined so as 
to give rise to twenty different problems. 

519. Three of these five quantities must be known 
before either of the other two can be determined. 

520. Only four of the twenty possible problems 
are usually considered in arithmetic. 

Case I. 

521. To find the last term when the first term, the 
common difference, and the number of terms are 
known. 

Example 1. — Find the last term in the series, the 
first term of which is 3, common difference 2, and 
number of terms 7. 
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This series may be written as follows : 

l8t Tenn. 2d Term. Srd Term. 4th Term. 5th Term. 6th Term. 7th Term. 

3 5 7 9 11 13 15 

Suggestion. — An examination of this series discloses the fol- 
lowing facts : 
a. The second term is found by adding the 
common difference once to the first tenn. 
6. The tbird term is found by adding the com- 
mon difference ti^ice to the first term. 

c. The f onrtli term is found by adding the 

common difference *tliree times to the 
first term. 

d. The flftli term is found by adding the com- 

mon difference four times to the first 
term. 

e. The sixtb term is found by adding the 

common difference Atc times to the first 
term. 
/. Finally, the seTentli term is found by add- 
ing the common difference six: times to 
the first term. 

522. From this analysis we derive the following rule 
for finding the last term, when the first term, common 
difierence, and number of terms are known : 

Rule. — Multiply the common difference by the num- 
ber of terms less onCy and add the product to the first term^ 
if an increasing series; but subtract it from the first 
term^ if a decreasing series. The result will be the last 
term. 

Example 2. — Find the last term iu the series 5, 9, 
13, to ten terms. 

3. The first of an arithmetical progression is 7, the 
common difference is 4, and the number of terms is 21. 
Find the last term. Ans. 87, 
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4. Find the last term in the series 100, 95, 80, con- 
tinued to ten terms. Ans. 55. 
Case II. 

523. To find the number of terms when the first 
term, the last term, and the common difference are 
known. 

EiXample 1. — In a series the first term is 7, the last 
term is 47, and the common diflference is 4. Find the 
number of terms. 

Sng^l^estioii. — a. How is the last term found? Case I. 

b. The difference between the first and last 

terms equals what? 

c. This difference is the product of what two 

factors? 

d. Which of these two factors is known? 

e. How is the other factor found? 

/. Then, what is the number of terms? 
Full Analysis* — The last term is the sum of two quantities. 
The first term is one of these two quantities. 
The other quantity is the product of two factors. 
The common difference is one of these two factors. 
The other factor is a number one less than the number of terms. 

524. From this analysis we derive the following rule 
for finding the number of terms, when the first and 
last terms and the common difference are known. 

Rule. — From the last term subtract the first terra ^ 
divide the remainder by the common difference^ and add 
1 to the quotient. The result will be the number of 
terms. 

Case III. , 

525. To find the common difference when the first 
term, the last term, and the number of terms are 
known* 
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Example 1. — The first and last terms of an arith- 
metical series are 1 and 45, and the number of terms 
23. What is the common difference? 

Suggestion. — a. How is the last term foand? Case I. 

6. The difference between the first and last terms 
equals what? 

c. Which factor in this product is known? 

d. How is the other factor found? 

e. Then, what is the common difference ? 
FoOer Analysis. — The last term is the sum of what two 

quantities? 

Which of these two quantities is known? Both? 
Their difference is the product of what two factors? 
The number of terms, less 1, is one of these two factors. 
The common difference is the other. 

626. From this analysis we derive the following rule 
for finding the common difference, when the first term, 
last term, and the number of terms are known. 

Rule. — Divide the difference between the first and 
last terms by the number of terms y less 1. The quotient 
will be the common difference, 

2. Find the common difference in the series whose 
first and last terms are 8 and 203, and the number of 
terms 40. 

3. The youngest of 11 children is 4, and the oldest 
is 44. The difference between their ages is the same. 
Find that difference. 

Case IV. 

527. To find the sum of the series — 

a. When the first, last, and number of terms are 
known. 
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b. When the first term, coramou difference, and num- 
ber of terms are known. 

Example 1. — The first term is 6, and last term 42, 
and the number of terms 10. Find the sum of the 
series. 

Suggestion. — To construct this series we must find the common 
difference. This is found, by Case III., to be 4. 

The series is 6, 10, 14, 18, 22, 26, 30, 34, 38, 42. 
Reversed, 42, 38, 34, 30, 26, 22, 18, 14, 10, 6. 

Sum, 48, 48, 48, 48, 48, 48, 48, 48, 48, 48. 

Thus we see that 48, the sum of the first and last terms, when 
taken ten times, that is, as many times as there are terms in the 
series, gives twice the sum of the series. 

Hence, 480 is twice the series ; or, 240 is the sum of the series. 

528. From this we derive the following rule for find- 
ing the sura of an arithraetical series, when the first 
and last terras, tmd the number of terms are known. 

Rule. -^—Multiply the sum of the first and last terms 
by half the number of terms. 

Note. — When the first term, the number of terms, and the com- 
mon difference are known, the last term must be found before ap- 
plying the rule. 

2. How much would a man save in 21 years, if he 
should save $100 the first year, $150 the second, $200 
third, and so on? Ans. $12600. 

GEOMETRICAX. PROGRESSION. 

529. A Geometrical Progression is a series of num- 
bers which increases or decreases by a common mnlti- 
plier, called the ratio, as — 
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Eirst: 1, 2, 4, 8, 16, 82, 64, 128. \ 

8, 9, 27, 81, 243, 729, 2187. {-Ascending Series. 
5, 20, 80, 820, 1280, 6120, 20480. J 

Second: 243, 81, 27, 9, 3, 1, J, J, ^j, i^,] 

B2f 16, 8, 4, 2, 1, i, }, J, iV |- Descending Series. 

530. When each succeeding tenn increases by a 
oommon multiplier the series is ascending. 

531. When each succeeding terra decreases by a 
common multiplier the series is descending. 

532. When the series is descending the ratio is a 
proper fraction. 

533. In any geometrical series only five quantities 
are considered, viz. : 

1st. The first term. 

2d. The ratio. 

3d. The number of terms. 

4th. The last term. 

5th. The sum of the series. 

534. Any three of these quantities being known, the 
other two quantities can be found. 

535. These five quantities may be combined so as 
to give rise to twenty different problems. 

536. Three of these five quantities must be known 
before either of the other two can be determined. 

537. Only four of these twenty possible problems 
are usually considered in arithmetic. 

Case I. 

538. To find the last term, when the first term, 
the number of terms, and the ratio are known. 
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Example 1. — The first term of a geometrical series 
is 3, the number of terms 6, and the ratio 2. Find 
the last term. 

This series may be written as follows ; 



1st Term. 


2d Term. 


3d Term. 


4tti Term. 


6th Term. 


6th Term. 


3. 


6. 


12. 


24. 


48. 


96. 



Suggestion* — An examination of this series discloses the fol- 
lowing facts : 

a. The second term equals the ^r«t multiplied 

by the ratio. 

b. The third term equals the first multiplied by 

the ratio squared. 

c. Tihe fourth term equals ihe first multiplied by 

the ratio cubed. 

d. The fifth term equals the first multiplied by 

the fourth power of the ratio. 

e. The sixth term equals the first multiplied by 

the fifth power of the ratio. 

GENERAL LAW OF THE SERIES. 

639. Any term in a geometrical series equals the first 
term, multiplied by the ratio raised to a power whose 
index is one less than the number of the term. 

Find the last term in the following series : 

2. First term 1, ratio 4, number of terms 8. 

3. First term 2, ratio 2, number of terms 10. 

4. First term 3, ratio 3, number of terms 6. 

5. First term 1000, ratio |, number of terms 4. 

6. First term 7500, ratio y^^, number of terms 3. 

7. First term 512, ratio |, number of terms 12. 

8. First term ^, ratio ^, number of terms 5. 
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Case II. 



540. To find the number of terms, when the first 
term, the last term, and the ratio are known. 

~ Example 1. The first term of a geometrical series is 
3, and the last term is 2187 ; find the number of terms, 
the ratio being 3. 

Suffsestion. — a. How is the last term found? Case I. 

b. The last term divided by the first gives 

what power of the ratio? 

c. The number of terms is one greater than the 

index of this* power. 

Fuller Analysis, — The last term, 2187, divided by the first 
term, 3, gives 729. Now, 729 is the 6th power of 3 ; hence, the 
number of terms must be 7. 

In a similar manner find the number of terms in the 
following examples : 

2. First term 1, last term 8, ratio 2. 

3. First term 1, last term 16, ratio 2. 

4. First term 1, last term 64, ratio 2. 

5. First term 3, last term 81, ratio 3. 

6. First term 3, last term 243, ratio 3. 

7. First term 5, last term 320, ratio 4. 

8. First term 5, last*term 1280, ratio 4. 

Case III. 

541. To find the ratio, when the first and last 
terms, and the -numher of terms are known. 

Example 1. — In a geometrical series the first and 
last terms are 3 and 729, and the number of terms 6 ; 
what is the ratio ? 
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Suggestion. — a. How is the last term found? Case I. 

b. The last divided by the first term gives what 

power of the ratio? 

c. The index of this power is indicated by the 

number of terms, less one. 

Fuller Analysis. — The first term, 3, is contained in the 
last term, 729, just 243 times. The number of terms, less one, is 5 ; 
hence, 243 is the fifth power of the ratio. The fifth root of 243 is 3, 
the ratio. 

Find the ratio in the following examples : 

2. First and last terms are 1 and 16, and the number 
of terms 5. 

3. First and last terms are 1 and 32, and the number 
of terms 6. ^ , 

4. First and last terms are 3 and 243, and the num- 
ber of terms 5. 

5. First and last terms are 5 and 1280, and the num- 
ber of terms 5. 

Case IV. 

542. To find the sum of the series, when the first 
and last terms, and the ratio are known. 

Example 1. — The first and last term of a geometri- 
cal series are 3 and 243, and the ratio 3. Find the 
sum of the series. 

Once the Series 3, 9, 27, 81, 243. 1 Taking the dif- 

Three times the Series 9, 27, 81, 243, 729. - ference.to get 
Twice the Series 729— 3, or 726. J twice the series. 

Hence, J of 726, or 363, must be the sum of the first series. 

643. Fromithis explanation we derive the following 
rule: 
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Rule. — MvUiply the greatest term in the series hy 
the ratio, from this product subtract the least term^ and 
divide the remaindar by the ratio diminished by one. 

Find the sum of the series when — 

2. The first and last terms are 1 and 128, and the 
ratio 2. 

3. The first and last terms are 3 and 2187, and the 
ratio 3. 

4. The first and last terms are 5 and 20480, and the 
ratio 4. 

Note a. — When the series is descending, instead of dividing 
by the ratio diminished by one, we must divide by 1 diminished by 
the ratio ; since the ratio is a proper fraction. 

Note 6. — The subject of Progressions belongs properly to alge- 
bra, where It will be found treated with great fullness. 

INFLNITE DECREASING SERIES. 

544. To find the sum of an infinite decreasing 
series when the first term and the ratio are known* 

Example 1. — ^Find the sum of ^ + 7 + ^7 + rr» ^^^ 
so on to an infinite number of terms. 

Explanation* — Multiplying this series by 3, we have — 
a. 1 -h 14- i 4- ]jV + A + *^c., to infinity. Resulting Series. 
^- i + i + 2V + A: + *^c., to infinity. Original Series. 

Hence, subtracting the series marked h from the series marked a, 
we get 1 as the difference between the two series. But, three times 
the series minus once the series gives a result which is twice the 
series. Hence, 1, the difference, is twice the sum of the series; that 
is, \ is the sum of the given series. 

Note. — Since the ratio is J in this case, the multiplier is 3. 
When the ratio is \ the multiplier must be 4 ; if |, 5. Generally, 
the multiplier must be the reciprocal of the ratio. 
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646. The reciprocal of any number is 1 divided by 
that number. 

646. The ordinary method of summing an infinite 
decreasing geometrical series by regarding its last term 
as zero, is grossly absurd. A series having an infinite 
number of terms has no last term. 

MISCELLANEOUS PROBLEMS. 

1. If a man should travel 13 days, increasing his 
rate of travel 5 miles each day, how far must he go 
the first day, and how far altogether, if, on the last 
day of his journey, he should travel 80 miles? 

2. If a father should allow his son one cent on the 
first day of the month, 2 cents the second day, 4 cents 
the third, 8 cents the fourth, and so on for every day 
in the month of June, what would be his allowance for 
the entire month? 

3. A man hired a livery horse to ride 20 miles, 
agreeing to pay 1 mill for the first mile, and twice as 
much for each mile as for the preceding mile. How 
much did the ride cost him ? 

4. Find the sum of the series |, |, y^^, -^^^ and so on 
to infinity. Ans. |. 

5. Find the sum of the series 1^, ^, -J., and so on to 
infinity. Ans. |. 

6. Find the sum of the infinite series 3, |, ^, -^^^ 
and so on. Ans. 4. 

7. A body moving through space at the rate of \ of 
a foot in the first second of time, only ^ of a foot the 
second second of time, -^j of a foot the third second, 
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would move over what entire distance, provided it 
should never stop moving? ^ a foot. 

8. The first term of an arithmetical series is 4, the 
number of terms is 17, the common difference is 3. 
Find the last term. Ans. 52. 

9. Find the last term of the arithmetical seris 1,3, 
5, 7, and so on, the series consisting of 23 terms. 

Ans. 45. 

10. Find the last term in the series 29, 27, 25, the 
number of terms being 11. Ans. 9. 

11. Find the number of terms in the series 7, 10, 
13, 16, the last term being 31. Ans. 9. 

12. Find the number of terms in the series 34, 31, 
28, the last term being 4. Ans. 11. 

13. The last term of an arithmetical series is 37, the 
number of terms 10, and the first term 7. Find the 
common difference. 

14. The last term of a series is 1, the first term 41, 
and the number of terms 13. What is the common 
difference ? 

15. One hundred silver dollars were placed in a 
straight line on the ground, at the distance of ten feet 
from each other. If the first one was three feet from 
a basket in which they were to be deposited, how far 
must a person walk to gather them up singly and de- 
posit each in the basket, and return for the next, if he 
should start from the basket? 

16. Wishing to ascertain the height of a certain 
tower, I dropped a marble from its summit, and found 
it reached the ground in 9 seconds of time. Now, if 
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a body falls, by its own weight, IGy^y feet the first sec- 
ond of time, 3 three times that distance the second 
second of time, 5 times that distance the third second, 
and so on, what was the height of the tower? 



MENSURATION. 

647. A plane figure is a surface bounded by either 
straight or curved lines. 

548. A square is a plane figure bounded by four 
equal straight lines, and having four equal angles. 

649. A rectangle is a plane figure having its oppo- 
site sides equal straight lines, and all its four angles 
equal. 

650. A parallelogram is a plane figure having its op- 
posite sides equal and parallel ; but, of its four angles, 
only those opposite each other are equal. 

Note. — The pupU should draw each of these figures. 

551. To find the area of a square, rectangrle, or 
parallelogrram. 

Rule* — Multiply its length by its breadth. 

Example 1. — Find the area of a square whose side 
is 25 feet. 

2. Find the area of a square whose side is 42 feet. 

3. A square field is 320 rods on a side ; what num- 
ber of acres does it contain ? 

4. A farmer has a field in the form of a rectangle ; 
what number of acres does it contain, if its length is 
76 rods, and width 34 rods? 
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5. A field in the form of a rectangle is 25 rods long, 
and the distance between its opposite comers is 313 
rods. Find the contents of the field, in acres. 

552. To find the are of a triangle. 

A triangle is a plane surface enclosed by three 
straight lines, and is equal in area to one-half a square 
or rectangle having the same ^ base and altitude. 
Hence, the — 

Rule. — a. Multiply one-half its base by its alti- 
tude; or, 

b. Multiply one-half its altitude by its base. 

1. Find the area of a triangle whose base is 15 ^t 
and height 12. 

2. The base of a triangle is 47, and its altitude 27. 
Find its area. 

553. To find the area of atriangle when the length 
of its three sides is known. 

Rule. — Find half the sum of its three sides. From 
this half sum subtract each of the sides. Find thepro^ 
duct of this half sum and these three remainders^ and 
extract the square root. 

1. Find the area of a triangle whose sides are 20, 30, 
and 40. 

2. Find the area of a triangle whose sides are 12, 
18, and 24. 

3. Find the area of a triangle whose sides are 50» 
75, and 100, 
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554. To find the area of a trapezoid. 

A trapezoid has two of its four sides parallel, but 
unequal. 

Rule. — Multiply one-half the sum of its parallel 
sides by its altitude, 

1. In a trapezoid the parallel sides are 22 and 34, 
and its altitude 16. What is its area? 

2. Find the area of a trapezoid whose parallel sides 
are 18 and 26, and altitude 12. 

3. How many square feet in a board 16 feet long, one 
end of which is 17 inches wide and the other only 11 
inches wide ? 

4. Find the area of a cube 12 inches on its edge. 

Ans. 6 sq. ft. 

5. Find the superficial contents of a timber 11 feet 
long, 13 inches wide, and 12 inches thick. 

Ans. 48 sq. ft. 

6. How many feet of lumber are required to make a 
grain-bin 8 feet long, 5 feet wide, and 4 feet deep? 

Sngi^estioo. — How many sq. ft. in the two ends? 
How many sq. ft. in the two sides? 
How many sq. ft. in the top and bottom? 
How many sq. ft. in the entire bin? 

7. How many bushels of grain will be required to 
fill such a bin? Ans. 128.57 bu. 

8. What will it cost to plaster the walls and ceil- 
ing of a room which is 14 by 16 feet, and 9 feet high, 
at 30 cents a square yard? Ans. $28.80. 

18 
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GIBCLifiS. 

555. A circle is a plain figure enclosed by a curved 
line, every point in which is at the same distance from 
a point within the circle, called the center. 

566. The curve line which encloses the circle is the 
circumference. 

557. The distance from the center to the circumfer- 
ence is the radius. 

668. A diameter is a straight line through the center, 
and limited by the circumference. 

669. To find the area of a circle when its radius 
is known. 

KuLE. — Multiply the square of the radius by the 
constant quantity 3.1416. 

1. The radius of a circle is 48 ; find its area. 

2. The radius of a circle is 62 ; find its area. 

3. Find the area of a circle whose radius is 91. 

660. To find the circumference when the diameter 
is known. 

EuLE. — Multiply the diameter hy the constant quan- 
tity 3.1416. 

1. The diameter of a circle is 45 ; what is its circum- 
ference ? 

2. Find the circumference, when the diameter is 
15.5. 

3. Find the circumference of a circle whose radius 
is 22.1. 



Digitized 



by Google 



PRISMS. 275 

561. To find the diameter when the circmnference 
is known. 

Rule. — Divide the circumference by 3.1416. 

1. If the circumference of a circle is 63.2456 ; what 
is its diameter? What its radius? 

2. Find the radius of a circle whose circumference 
is 281.35. 

3. The circumference of a circle is 312.416. Find 
its radius. 

4. How many square feet of sheet-iron are required 
to make a 6-inch stove-pipe twelve feet in length, and 
consisting of six joints, allowing one inch for each 
joint, and one quarter of an inch for the lap? 

562. To find the diameter when the area is known. 

Rule. — Divide the area by 3. 1416, extract the square 
rooty and multiply by 2. 

1. The area of a circle is 274.36. Find its diameter. 

2. What must be the length of a halter, to allow a 
horse to graze over just one acre ? 

3. How many more feet of fence are required to en- 
close just one acre in the form of a square, than are 
required to enclose just one acre in the form of a circle ? 

PRISMS. 

1. Find the area of a triangular prism 12 inches 
long, and each of whose sides is 2 inches wide. 

2. A prism is 9 inches in length, 2^ inches wide, and 
1 J inches thick. How many square inches does it con- 
tain? 
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SOLIDS. 

563. To find the solid contents of a prism, or cyl- 
inder. 

Rule. — Multiply the area of one of its ends by its 
length, 

1. A prism that is 4 inches wide and 3 inches thick, 
is 14 inches long. How many cubic inches in it? 

2. A triangular prism whose sides are 16 inches in 
length and 2\ inches wide, contains how many cubic 
inches ? 

564. A cylinder is a solid of uniform diameter, and 
whose ends are circles which are parallel to each other. 

3. The length of a cylinder is 11 feet, and its diam- 
eter 15 inches. Find its contents. 

4. Find the contents of a cylinder 3 feet long and 3 
feet in diameter. 

565. To find the surface of a sphere when its di- 
ameter is known. 

Snifl^estion. — The area of a sphere equals the area of /our 
circles having the same diameter as the sphere. 

566. To find the solid contents of a sphere or globe. 

1. Find the solid contents of a sphere whose diameter 
is 3 feet. Find its surface. 

Suggestion • — A sphere equals J of a cylinder whose diameter 
and length each equals the diameter of the 
given sphere. 

2. How many cubic inches in a ball of wood 8 inches 
in diameter. Ans. 268.08+. 
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3. Find the cubic contents of a cylindrical tube that 
will just enclose a sphere whose diameter is 9 inches. 
Also, find the contents of the sphere. 

567. To find the contents of a pjrramid. 

Snggestion. — A pyramid equals j- of a cylinder, or prism, 
having the same base and altitude. 

1. The base of a pyramid is a square 5 inches on a 
side, its height being 21 inches. Find its contents? 

Ans. 175 cu. in. 

2. Find the contents of a pyramid 10 inches high, 
with a triangular base 3 inches on a side. 

3. Find the superficial contents of the above pyr- 
amid. 

568. To determine the dimensions of a cistern 
which shall have a griven capacity* 

1. I wish to dig a cistern which shall have a uniform 
diameter of five feet, and shall hold 100 barrels. 
What must be its depth? 

OPERATION. 

Cubic inches in a gaUon 231 

No. gallons in one barrel 81} 

231 
693 
115} 

Cubic indhes in a barrel 7276|^ 

100 

Cubic inches in 100 barrels: 727660 

Area of base is (30)2X3.1416=2827.44 sq. inches. 

727660-*-2827,44=257.32 inches for the depth; or, 21.4 ft. 
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278 PRACTICAL ARITHMETIC. 

2. How many barrels will a cistern hold, if its di- 
ameter is 4 J feet, and depth 9| feet? 

MECHANICAL, POWERS. 

569. The Lever, the Wheel and Axle, the Screw, 
the Inclined Plane, and the Pulley, are known as the 
Five Mechanical Powers. 

670. In the mechanical power known as the lever, 

a. The fulcrum may he between the power and the weight, 
h. The weight may he between the power and the fulcrum, 
e. The power may he between the weight and the fulcrum. 

GENERAL LAW. 

The powtr is to the weight as the distance of the power 
from the fulcrum to the distance of the weight from the 
fulcrum, 

1. In the lever of the first class, what power will 
raise a weight of 500 pounds at a distance of 2^ feet, 
the length of the lever being 15 feet? Ans. 100. 

2. In the lever of the second class, what weisrht 
situated 2| feet from the fulcrum can be raised by a 
power equal to 100 pounds, by using a lever 15 feet 
long? Ans. 600 lbs. 

3. In the lever of the third class, what power will 
sustain a weight of 50 pounds at the other end of a 
lever 15 feet long, if the power is applied at a distance 
of 2^ feet from the fulcrum? Ans. 300. 

671. In the mechanical power known as the wheel 
and axle, the following principle applies : 
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GENERAL LAW. 

2%c power is to the weight as the diameter of the 
wheel isjto the diameter of the axle, 

4. What weight can a man raise, if he apply a force 
equal to 100 pounds to a wheel 5 feet in diameter, 
the axle being 10 inches? Ans. 600 lbs. 

5. With a wheel 3 feet in diameter, and axle 9 
inches, what power will balance a weight 700 
pounds? Ans. 175 lbs. 

572, In the mechanical power known as the in- 
clined plane the following principle applies : 

GENERAL LAW. 

The power is to the weight as the perpendicular height 
of the plane is to the length of the plane. 

6. The length of a plane is 20 feet, and its perpen- 
dicular height 17 inches. What power will balance a 
weight of 1000 lbs.? 

7. On an inclined plane 16 feet long and 20 inches 
high, what weight will a force of 100 pounds sustain ? 

573. In the mechanical power known as the screw 
the following principle applies : 

The power is to the weight as the distance bettveen two 
consecutive threads of the screw to the distance trav- 
ersed by the extremity of the lever in making one revo^ 
lution. 

8. The distance between the consecutive threads of 
a screw is one-fourth of an inch, and the length of a 



Digitized 



by Google 



280 PKACTICAL ARITHMETIC. 

lever 9 feet. What weight can be raised by a force of 
75 pounds? 

9. What force, with the above screw, will be neces- 
sary to raise a weight of 1200 pounds? 

10. Find the length of lever necessary to raise 1000 
pounds with the same screw, by applying a force of 
150 pounds. 

574. In the mechanical power known as the pulley 
the following principle applies : 

GENERAL LAW. 

Tlie power is to the weight to be raised as one to twice 
the number of movable pulleys, 

676. A single stationary pulley serves only the pur- 
pose of conveniently applying the power ; it gives no 
other advantage. 

676. With a single pulley, a weight at one end of 
the rope will just balance a force equal to the same 
number of pounds at the other end. 

677. A single movable pulley doubles the effective- 
ness of the power. 

Note. — The consideration of tliis whole subject falls properly 
under ]¥atural Pliilosopliy. The further consideration of it 
in this place must necessarily be so meagre as to offer very little 
profit or pleasure. 

In the instances given, the subject of friction, which is a material 
element when anything more than approximate accuracy is required, 
is usually left out of the calculation. Other elements, the direction 
in which the force acts, the nature of the system of pulleys consid- 
ered, are all too complicated to be discussed here. 

678. The following problems have been selected 
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merely to illustrate the principles enunciated, and not 
for the purpose of giving the pupil facility in apply- 
ing them in the solution of difficult problems. 



MISCELLANEOUS PROBLEMS. 

1 . If a man can raise 125 lbs. without the aid of any 
mechanical contrivance, how many pounds can he move 
along an inclined plane 44 feet long and 20 feet high? 

Ans. 275. 

2. In a lever of the first class, 7 feet in length, what 
weight at one extremity will balance 10 pounds at the 
other extremity, which is 5 feet from the fulcrum? 

Ans. 25. 

3. In a system of 5 movable pulleys, what power 
will sustain a weight of 165 pounds? Ans. 16.5. 

4. With what force will a power equal to 30 pounds 
act, when applied to a lever 3 feet in length, the dis- 
tance between two contiguous screws being one inch? 

Ans. 4523.76 »s. 

5. What weight will a force of 14 pounds sustain, 
when applied to a wheel 9 feet in diameter, the axle 
around which the rope attached to the weight is wound 
being 7 inches? Ans. 216 lbs. 

6. At the extremities of a lever 2 weights, 5 pounds 
and 7 pounds, are placed. If the lever is 24 inches in 
length, at what point must the fulcrum be placed to 
produce equilibrium? . (10 inches from one. 

( 14 inches from other. 

7. At the longer arm of a balance a body is found 
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to weigh only 9 pounds, but at the shorter arm it is 
found to weigh 16 pounds. Find its true weight. 

Sngi^estion. — Represent the long arm by a, the short arm by 
bf and the true weight by x. Then, 

Ist. a:b: :16:a!; or x = —. 
a 

2d. b:a: : 9:x; or x=—. 
b 

Hence, x* = 144 ; and x ;= 12. 



ANAI.YSIS. 

579. To become proficient in arithmetic, one must be 
master of arithmetical analysis. A knowledge of spe- 
cial rules is sufiicient in special examples falling clearly 
under these rules. A thorough knowledge of the prin- 
ciples which underlie a subject renders special rules un- 
necessary. To be able to analyze any new problem 
implies a command over general principles, and their 
application in practice, which transcends all special 
rules. A careful study of the conditions of a problem 
will usually disclose the method of solution. As a drill 
in clear and accurate tliiiiking, the practice of solving 
problems by analysis is invaluable. 

The following solutions illustrate a great variety of 
methods of dealing with the conditions of problems 
often proposed for solution : 

1. If i of 6 be 3, what will \ of 20 be? 

Analysis. — If } of 6 becomes 3, the whole of 6 becomes 9, and 
1 becomes ^ of 9, or 1}. Then 20 becomes 20 times li, or 30 ; i of 30 
is 7i. Ans. 7i. 
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2. John bought 5 apples for 5 cents, and James 
bought 3 apples for 3 cents. Charles joined them, and 
the three boys shared the apples equally. If Charles 
paid the other two 8 cents for his share, how much 
should each receive ? 

Aoalysis. — Since they shared the 8 apples equally, each boy 
received | apples. As James had only f apples, he furnished only i 
of an apple for Charles ; and as John had ^^ apples, he furnished the 
remaining J apples. John should receive 7 times as much as James, 
or 7. cents, and James should receive 1 cent. 

3. A can do a piece of work in 12 days, and B can 
do it in 15 days. In what time can they both do the 
work together? « 

Analysis. — Since A can do it in 12 days, he can do ^^ of it in 
one day. Since B can do it in 15 days, he can do ^^^ of it in one day. 
Then they both can do in one day ^j -f 1^5 = /^ of the work. They 
can do ^^ of it in i of a day, and f J, or the whole, in ^^ = 6| days. 

Ans. 6|. 

4. A, B, and C can do a piece of work in 10 days ; 
A can do it alone in 20 days ; B can do it alone in 30 
days. In what time can C do the work alone? 

Aoalysis. — A and B together do ^ of the work in a day. They 
all do ^^ of it in 1 day ; hence C does i\ — y'j = ^V ^^ ^^^ work in 1 
day. It will take C 60 days to do the work alone. 

5. A, B, and C can do a piece of work in 20 days. 
A and C can do it in 30 days. In what time can B do 
it alone ? 

Aoalysis. — A and B and C can do ^ of the work in 1 day. A 
and C do 3^ of the work in one day. Then B does ^'^ — iV^^A 
of the work in one day; hence B can do it alone in 60 days. 

6. A and B can do a piece of work in 10 days ; A and 

Digitized by VjOOQ iC 



284 PRACTICAL ARITHMETIC. 

C can do a similar piece in 1 2 days ; B and C cirn do a 
similar piece in 15 days. In what time can they all do 
the work ; and in what time can each do the whole work 
alone ? 

Analysis. — First. A and B do ^J^^ of It in 1 day ; A and C do ^ 

of it in 1 day ; B and C do ^^ of it in 1 day. Then theyaU do i 
(A + 1^1 + 1^5) of the work in 1 day; that is, ^^^. Hence they aU 
do the whole work in 8 days. 

Second. Since they all do ^, and B and C do yf^, A does ^ — 
y}iy=xl^of it in 1 day. Hence A does the whole work aloue in 
l-^y|^ = I7} daj's. In a similar manner B is foand to do the work 
in 24 days, and C in 40 days. 

7. A, B, and C doa piece of work together for $18.60 ; 
A and B think they can do | of it ; A and C think they 
can do | of it ; and B and C think they can do | of it. 
According to these estimates, what should each be paid? 

Analysis. — In this question the estimates exceed the whole 
work, as the three men, according to their estimates, do | J of the 
actual work to be done. But as the estimate of A and B is J J of the 
work, their estimate is \\ of the actual work done by all; hence C 
does If — if = fff ^^ t^® work, and should receive Jf of #18.60, 
or #7.80. A's and C's estimate is |g of the work; they do |} of the 
actual work done ; hence B does \\ of the work, and should recelre 
\\ of $18.60, or #6.60. A should receive ^j of #18.60, or #4.20. 

8. A, B, and C do a piece of work for $15.40, on 
the supposition that A and B can do | of it, A and C 
can do y\ of it, B and C can do \^ of it. What should 
each receive ? 

Analysis. — In this question there is an underestimate, as the 
work done by all is only J J of the whole work. A and B do J J of 
the estimated, or ^ of the actual work done. A and C do |} of 
the estimated work, or \} of the actual work done. B and C do |} 
of the estimated work, or f ^ of the actual work done. Hence, A 
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should itkseive f f of $15.40, or #5 ; B should receive ^ of $15.40, 
or $1 ; C should receive ^ of $15.40, or $9.40. 

9. A market woman bought a number of apples at 
the rate of 2 for a cent, and as many more at the rate 
of 3 for a cent. She sold both lots at the rate of 3 
for 5 cents, and thereby lost 5 cents. How mauy ap- 
ples did she purchase? 

Analysis. — The first lot was bought at the rate of h cent 
apiece, and the second lot at the rate of i cent apiece. Hence, one 
of each kind, or 2 apples, cost f of a cent, or 1 apple cost ^^ of a 
cent. But each apple sold for f of a cent; hence, she lost on each 
apple f g — f J = ^0 of a cent. To lose 1 cent she must have sold 60 
apples, and to lose 6 cents she must have sold 5 times 60, or 300 
apples. 

10. A lady has two silver cups, but only one cover 
for both. The first cup is worth $9 ; the first cup and 
cover are worth twice the second cup ; and the second 
cup and cover are worth four times the first cup. 
What is the value of the second cup, and of the cover? 

Analysis. — By the last condition the second cup and cover 
are worth four times the value of the first cup, or #36. Then the 
cover and both cups are worth #45. By the second condition the 
cover ithd both cups equal in value 3 times the second cup. Hence, 
i of #45, or #15, is the value of the second cup. The cover is 
worth #45 — #24 = #21. 

11. The head of a fish is 8 inches long. Its tail is 
as long as its head and half its body, and its body is 
as long as its head and tail together. How long is the 
w;hole fish? 

Aoalysis. — By the second condition its tail is 8 inches plus 
half the body ; hence its head and tail together are 16 inches plus 
half the body. By the third condition, then, half the body is 16 
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inches, or the whole body is 32 Inches. Hence, the whole length of 
the fish is 64 inches. 

12. At what time between 2 and 3 o'clock are the 
hands of a watch together? 

Analysis. — The minute-hand moves 60 minutes while the 
hour-hand moves only 5 minutes; or the minute-hand moves 12 
minutes while the hour-hand moves 1 minute. Hence, the minute- 
hand gains 11 minutes in every 12 minutes it moves over. Since the 
minute-hand moves 12 minutes to gain 11 minutes on the hour-hand, 
it must move }? minutes to gain 1 minute on the hour-hand. To 
gain any number of minutes on the hour-hand it must move over |f 
of the time to be gained. At 2 o'clock the hour-hand is 10 minutes 
ahead. To overtake it the minute-hand must move over | J of 10 
minutes, or 10 } J minutes. The hands are together at 10 JJ minutes 
past 2 o'clock. 

13. At what time between 3 and 4 o'clock is the 
minute-hand just 2^ minutes ahead of the hour-hand? 

Analysis. — At 3 o'clock the minute-hand is behind the hour- 
hand 15 minutes. To be 2<^ minutes ahead it must gain 17^ minutes 
on the hour-hand; hence, the minute-hand must move over l^ of 
17i = 19^ minutes. At lOy'y minutes past 3 o'clock the minute- 
hand will be just 2i minutes ahead of the hour-hand. 

14. At what time between 4 and 5 o'clock do the 
hands of a watch make with each other an angle of 45°? 

Analysis. — At 4 o'clock the minute-hand is 20 minutes behind 
the hour-hand. To make with it an angle of 45° the minute-hand 
must be either 7i minutes behind, or 7i minutes ahead of the hour- 
hand. In the first case the minute-hand must gain 20 — 74 = 124 
minutes, and must pass over {^ times 124 minutes = 13^^ minutes. 

In the second case the minute-hand must gain 20 + 74=274 
minutes, and must pass over |f of 274 = 30 minutes. At 13^^ min- 
utes past 4 o'clock, or at 30 minutes past 4 o'clock, the hands will 
make an angle of 45° with each other. 

15. At what time between 5 and 6 o'clock is the 
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minute-hand as many minutes in advance of VI. as 
the hour-hand is behind VI. ? 

Analysis. — At 5 o^ clock the minute-hand is at XII., and the 
hour-hand at V. Regarding the distance the hour-hand moves be- 
yond V. as one space, the distance the minute-hand moves beyond 
XII. is twelve of these equal spaces. But, as the minute-hand lacks 
one of these equal spaces of being at VII., the distance between 
XII. and VII., or 36 minutes, must be thirteen of the spaces the 
hour-hand has moved; or the hour-hand has moved ^ of 86 = 2^^ 
minutes. Then, the minute-hand has moved 86 minutes — 2^j min- 
utes, or 32 j;\ minutes. Then, 32^^ minutes past 6 o'clock is the 
time required. 

16. A man looked at his watch and found the time 
to be between 5 and 6 o'clock. Within an hour he 
looked again, and found the hands had exchanged 
places. What was the exact time when he first looked 
at his watch? 

Analysis. — There are three possible positions of the two 
hands with reference to each other, but only one of them will satisfy 
the second condition of the problem. The minute-hand was afiead 
of the hour-hand when he first looked at his watch. Regarding the 
distance the hour-hand moved from its first position to the first po- 
sition of the minute-hand, as one spacer the minute-hand moved over 
twelve of these spaces in passing from its first position to its second 
position. As it then lacked one space of being at its first position 
again, the whole dial, or 60 minutes, equals thirteen times the dis- 
tance the hour-hand has passed over. Hence, the hour-hand passed 
over ^j of 60 minutes, or 4^^^ minutes. This is the number of minutes 
the minute-hand was ahead of the hour-hand when he first looked 
at his watch. ^ 

At 5 o'clock the minute-hand was 25 minutes behind the hour-hand, 
and to be ahead of it 4y^j minutes, the minute-hand must gain 25 
minutes +4y®y minutes, or 29 j^^ minutes, and must pass over ff of 
29j8j=323^j*j minutes. 

The time he looked at his watch was 32/^^ minutes past 5 o'clock 
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17. What time of day is it when the time past noon 
is ^ of the time from now till midnight? 

Analysis. — Since the time pa^t noon is | of the time from now 
till midnight, the whole time from noon till midnight, — that 
is 12 hours, — must be f of the time from now till mid- 
night; hence, the time past noon, or the time required, is i 
of 12 hours, or 2 hours and 24 minutes. The time required is 24 
minutes past 2 o'clock. 

18. A man agreed to work 20 days at $5 a day, and 
to forfeit $2 every day he was idle. At the end of the 
time he received $72 ; how many days did he work? 

Analysis. — Had he worked the whoJe time he would have 
received ^100; but as he received only $72, he lost by his idleness 
$28. He lost each day $5-|-$2=$7. To lose $28, he must have been 
idle 4 days. Then he worked 20 — 4^16 days. 

19. A fox is 50 leaps ahead of a hound, and takes 
4 leaps ill the time the hound takes 3 ; but 2 of the 
hound's leaps equal 3 of the fox's leaps. How many 
leaps must the hound take to catch the fox? 

Analysis. — Since 2 leaps of the hound equal 3 leaps of the 
fox, 3 leaps of the hound equal 44 leaps of the fox. But these 3 
leaps of the hound are taken in the same time the fox takes 4 ; hence 
the hound gains 4 a leap in every 3 leaps, or he must take 6 leaps 
to gain one whole leap on the fox. Then, to gain 50 leaps the hound 
must take 300 leaps. 

20. A man dying in Boston left an estate valued at 
$91000 to be divided between his widow, son, and 
daughter. The terms of his will provided that in case 
his daughter, who was in Paris, should return, and not 
the son, the widow should take | of the estate and the 
daughter the remainder ; but in case the son, who was 
in London, should return, and not the daughter, the 
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widow should take ^ of the estate and the son the re- 
mainder. Both son and daughter returned. How 
much, in equity, should each receive? 

Analysis. — Since by the terms of the will the son was to get 
tVTice as much as the widow, and the widow ttoice as much as the 
daughter, the son was to get four times as much as the daughter ; 
hence they were all to get seven times as much as the daughter. The 
daughter should get | of $91000, or $13000, the widow $26000, and 
the son $52000. 

21. Another estate was to be divided on the above 
terms ; but as the son and daughter both returned, the 
widow received $2400 less than would have been her 
portion had the daughter alone returned. Find the 
value of the whole estate. 

Analysis. — By the first condition the widow was to get J of 

the estate ; by the last condition, she actually received f of the estate. 
She received | — J, or ^\less by the last than by the first condition. 
The estate must have been V o^ $2400, or $6800. 

22. A, B, and C have $16800 invested in business 
together. Their interests are in the ratio of ^, |, and 
|, respectively. B dies, and the remaining partners 
pay his widow $2700 cash for his interest in the busi- 
ness. What is each one's share of the remaining 
capital? 

Analysis. — After paying for B's interest, the capital was 
$16800— $2700=$ 14100. The interests of A and C are now in the 
ratio of f and f ; hence A owns J^ of $14100=$3600, and C owns 
Jf of $U100=$10500. 

23. A merchant bought goods at 20 cents a yard, 
which he sold at a net profit of 40 %, after allowing his 
customers a discount of 12^ %. What were the goods 
marked? 
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Analysis. — 40 % of .20 is .08 . His selling price yns .20+.0S=s 
.28. 12i % is i; hence his selling price was J of his asking price; 
or the asking price was f of .28, or .32. 

24. When gold was quoted at 130, goods sold at .52. 
What were they worth in gold ? 

Analysis. — Since ^1.30 in currency is worth ^1.00 in gold, 1 
cent in currency is worth iS J = i? ^^ * cent in gold, and 52 cents in 
currency are worth 62 times [J =40 cents in gold. 

25. When gold is quoted at 210, goods are pur- 
chased in England at 30 cents a yard. What must 
they be marked to make a profit of 11^ %? 

Analysis. — Since the goods are worth 30 cents in gold, they 
are worth f 18> or f J, of 30 cents, or 63 cents in currency. To gain 
11 J % they must be sold for \^ of 63 = 70 cents a yard. 

26. When 6 % bonds are bought at 90, what is the 
rate of income? 

Analysis. — If what cost ^90 yields $6, the rate of income is 
Tfij = T*5 of 100 %, or 6| %. 

27. What is the market price of U. S. 5 % bonds 
that yield 4 % on the investment? 

Analysis. — Since the rate of income is less than the rate 
of the bond, the bonds are at a premium, and must be quoted at f 
of their par value, or at 125. 

28. Which is the better investment, U. S. 6's at 95, 
or 7-30's at 115? How much? 

Analysis.— U. S. 6's bought at 95 yield 6.8168%. U. S. 
7-30's bought at 115 yield 6.3478 %. Hence, U. S. 7-30's at 115 are 
a better investment than U. S. 6's at 95, by .032 %. 

29. A square field contains as many acres as there 
are rods around it. How many acres does it contain? 
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Analysis. — The number of acres in the field equals four times 
the number of rods on one side of It. Also, the number of acres 
in the field equals j|^ of the square of the number of rods on one 
side of it. Hence, 4 times 160 rods gives the number of rods on 
one side of the field. Then, the field must have contained (G40) ^-t- 
160 = 2560 acres. 

30. Four men did a piece of work for a certain price. 
In dividing the money A took $60.06, and -^-^ of the 
remainder; B took $70.07, and ^j^ of the remainder; 
C took $80.08, and y^ of the remainder ; D took what 
was left. By this division they received equal amounts. 
What was the whole amount received? 

Analysis. — D's portion was ^j^ of the last remainder, and C's 
portion was y\^ of the same remainder, plus $80.08. Hence, $80.08 
was ^ of this remainder. Then, ^^ of this remainder was } of 
$80.08, or $10.01 ; and y^^ of this remainder, or D's share, was 9 
times $10.01, or S90.09. The whole amount was $360.36. 

31. A owed B $900, due in 4 months. B offered to 
allow a discount of 4 % for ready money, and A im- 
mediately paid $696 in cash. How much was still due ? 

Analysis. — The amount paid was j\%=:li of the amount 
liquidated; hence the amount liquidated was |J of $696, or $725. 
The balance still due was $900— $725 = $176. 

32. A man bought cloth 1| yards wide at $5.70 per 
yard ; the cloth, getting wet, shrunk 5 % in length and 
2^ % in w^idth. At what price per square yard must 
he sell it to gain 19 %. 

Analysis. — He bought } yards. Allowing for shrinkage 6 %, 
or ^7 In length, there remained ^ J of f yards. Allowing for shrink- 
age 24 %, or -^jf in width, there remained f J of ^^ of } yards. Since 
this number of yards cost $5.70, one yard cost f J Xr? X tX $5.70. 
Then, to gain 19 %yOne yard must sell for IJ-J X I g X iS X f X ^f-- 
Cancelling common factors, this reduces to $4,183^1^. 
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33. A man bought goods at 13 cents a yard on 8 
months' credit, and sold them the same day for 12 
cents cash. What was his rate of gain, money being 
worth 6 %? 

Analysis. — The cash value of goods bought at 13 cents, on 8 
months' credit, money being worth 6 % per annum, is .13-f-l*0i = 
.126. Then, the loss on each yard was .125 — .12 =.006, or ^ of 
the cost ; that is, 4 % . 

34. Sold a horse so that | of the gain equaled y\ of 
the cost. What was the gain per cent? 

Analysis. — Since f of the gain equaled ^j of the cost, the 
whole gain equaled J of the cost, or J of 100 % = 16| %. 

35. What must goods be marked, so that, allowing 
8 % for expense in handling, 4 % for bad debts, and 
an average credit of 3 months, the net gain may be 15 
%, money being worth 6 % per annum? 

Analysis.— The original cost of $1 worth of goods plus the 
cost of handling gives ^1.08. 15% of 1.08 = .162. The selling 
price without reference to bad debts and the term of credit, must 
be ^1.08 4- .162 = $1,242. Allowing for bad debts, the asking price 
must be f | of $1,242 = $1.29376. Allowing for term of credit the 
selling price must be $1.29375-1- .825= $1.65^. And $1.55Jf — 
$1 = 65 If Ans. 55f 5 % advance. 

36. Three men carry a timber 30 feet in length, of 
uniform size and density ; two of the men lift with a 
handspike, and one at the end ; how far from the other 
end must the handspike be placed so that the men shall 
lift an equal weight? 

Analysis. — If the entire weight of the timber be regarded as 
massed at the center, the two men must be i the distance from the 
weight that the one man is ; that is, 4 of 15 feet; hence, they must 
place the handspike 7i feet from the other end of the timber. 
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37. Five men carry a timber 30 feet in length, of 
uniform size and density ; four of the men lift with a 
handspike, and one at the end ; how far from the other 
end must the handspike be placed so that the several 
men shall lift an equal weight ? 

Analysis. — If the entire weight be regarded as massed at the 
center, the four men must be J the distance from the weight that the 
one man is, that is i of 15 feet; hence the handspike must be placed 
B| feet from the center, or 11 feet 3 inches from the other end. 

38. A man has just 2 spare hours. How many miles 
may he ride in a coach that travels 12 miles an hour, so 
that he can return, walking back at the rate of 4 miles 
an hour? 

Analysis. — He rides 1 mile in ^^^of an hour, and walks one mile 
in i of an hour. Then he can ride 1 mile and return in ^^ -|- 1 = ^^ 
or I of an hour. In 2 hours he can ride as many miles and return as 
I is contained in 2, or 6 miles. 

39. If 65 pounds of sea-water contain 2 pounds of 
salt, how much fresh water must be added so that 25 
pounds of the sea-water shall contain | of a pound of 
salt? 

Analysis. — By the last condition 26 pounds of sea- water con- 
tained J of a pound of salt, hence 100 pounds of sea- water are re- 
quired to contain 1 pound of salt, and to contain 2 pounds of salt 
200 pounds of sea-water are required. Since at first 65 pounds of 
Bea-water contain 2 pounds of salt, there have been added 200 — 66 
= 135 pounds of fresh water. 

40. A man plows 1 acre of land for every 3 horsea 
he keeps, and has 1 acre of pasturvC land for every 2 
horses. How many horses can he keep on 25 acres? 

Analysis. — He kept | of an acre of plowed land and ^ of an 
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acre of pasture land for every horse he had. Then, to keep 1 horse 
he must have K+ i = | of an acre of land. Hence, on 25 acres he 
could keep 25 -j- 1, or 80 horses. 

41 . In a mass of copper and tin containing 80 pounds, 
the tin is to the copper as 3 to 7. How much copper 
must be added to the mass, so that the tin shall be to 
the copper as 4 to 11? 

Analysis. — In the first instance the tin is y% of the mass. The 
tin in the second instance is 24 pounds, which is ^- of the mass ; 
hence the new mixture contained 90 pounds. Then 10 pounds must 
have been added. 

42. A man bought eggs at 18 cents a dozen ; had he 
bought 5 more for the same money, they would have 
cost him 2^ cents less a dozen. How many eggs did 
he buy? 

Analysis. — Had he bought 5 more eggs, the lot would have 
costl5i^ cents a dozen. Now, as the price per dozen diminishes as 
the number of eggs purchased increases, 18 cents is the same part 
of 15i^ cents that the number of eggs bought in the last case is of the 
number of eggs bought in the first case ; that is, it is ff of the num- 
ber bought in the first case. Hence, 6 eggs must be /^ ^^ ^^® orig- 
inal purchase, and 31 eggs the number bought at first. 

43. A father left a number of children, and a certain 
sum to be divided among them. The first was to receive 
$100 and ^j^ of the remainder ; the second, $200 and y\^ 
of the remainder; the third, $300 and y\^ of the 
remainder, and so on. By this division each received 
the same sum. How many children were there, and 
what amount was divided among them ? 

Analysis. — The tenths of any two consecutive remainders 
differ by $100, since any two consecutive legacies differ by 1^100; 
hence the whole of any two consecutive remainders differs by 1^1000. 
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The first remainder, then, differed by $800 from the amount left, before 
the second legacy of $200 was paid. Then $800 was ^^ of the first 
remainder, and the whole of that remainder was $8000 ; hence the 
whole fortune was $8100. It will be readily seen that each child re- 
ceived $900 dollars ; hence, there were 9 children. 

44. A and B had together a certain number of 
guineas. The sum of the squares of the number each 
had equals 208, and the difference of these is 80. If 
A had the greater number, how many had each ? 

Analysis. — Had they had an equal number of guineas, the sum 
of their squares must have been 288 or 128 ; hence the square of A's 
number must be 144, and of B's number 64. A, then, had 12 guineas, 
and B had 8 guineas. 

45. If 12 oxen eat 3^ acres of grass in 4 weeks, and 
21 oxen eat 10 acres in 9 weeks, how many oxen are 
required to eat 24 acres of grass in 18 weeks, original 
quantity and growth ? 

Analytical Steps. — 1. Find the number of oxen required to 
consume the growth on 10 acres in 9 weeks. 

2. Find the number of oxen required to consume the original 
quantity on 10 acres in 9 weeks. 

3. Find the number of oxen required to consume the growth on 24 
acres. 

4. Find the number of oxen required to consume the original 
quantity on 24 acres in 18 weeks. 

Analysis. — Since 3 J acres pasture 12 oxen 4 weeks, 10 acres 
pasture 36 oxen 4 weeks ; but these 10 acres pasture only 16 oxen 
for 9 weeks. Now, 10 acres pasture 21 oxen 9 weeks ; hence 6 oxen 
consume the growth on 10 acres in 6 weeks, and 9 oxen consume 
the 9 weeks' growth on 10 acres. Then 12 oxen eat the original 
quantity on 10 acres in 9 weeks. By the third condition, then, the 
original quantity on 24 acres will keep 14| oxen 18 weeks, and the 
growth on 24 acres during the 18 weeks will keep 21f oxen. There- 
fore, 24 acres will pasture 36 oxen 18 weeks. 



Digitized 



by Google 



296 PRACTICAL ARITHMETIC. 

46. If 12 oxen eat 3^ acres of grass in 4 weeks, and 
21 oxen eat 10 acres in 9 weeks, in how many weeks 
can 36 oxen eat 24 acres, the grass growing uniformly 
during the grazing? 

Analytical Steps. — 1. Find the number of oxen that eat the 
growth on 24 acres. 

2. Find the number of oxen that eat, in the required time, the 
original quantity on 24 acres. 

8. Find the time in which one ox can eat the original quantity on 
24 acres. 

4. Find the time it wiU take the number of oxen required to eat 
the original quantity on 24 acres. 

Analysis. — Since 12 oxen can eat the grass on 8^ acres in 4 
weeks, 86 oxen can in the same time eat the grass on 10 acres ; 
hence 16 oxen can eat the grass on 10 acres in 9 weeks. Then 9 
oxen can eat the growth on 10 acres in 9 weeks, and 12 oxen can eat 
the original quantity on 10 acres in 9 weeks. Since 9 oxen can eat 
the growth on 10 acres, 21 f oxen can eat the growth on 24 acres; 
hence 14} oxen can, in the required time, eat the origihal quantity 
on 24 acres. Now, 12 oxen can, in 9 weeks, eat the original quantity 
on 10 acres, and 1 ox can eat this quantity in 108 weeks. Then 
1 ox can eat the original quantity on 24 acres in 259^ weeks, and 
14} oxen can eat this quantity in 259}-s-14}=:18 weeks. Therefore, 
24 acres wiU pasture 86 oxen 18 weeks, 

47. If 10 acres pasture 21 oxen 9 weeks, and 12 oxen 

eat the grass on 3^ acres in 4 weeks, how many acres 

will pasture 36 oxen for 18 weeks? 

Analytical Steps. — 1. Find the number of oxen required to 
eat 9 weeks' growth on 10 acres. 

2. Find the number of oxen required to eat the original quantity 
on 10 acres in 9 weeks. 

8. Find the number of acres of original quantity required to keep 
36 oxen 18 weeks. 

4. Find the number of acres of growth required to keep 86 oxen. 

6. Find the number of oxen these acres of original quantity wUl 
pasture lor 18 weeks. 
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6. Find the nnmber of oxen these acres of growth will pasture 18 
weeks. 

7. Find the acres of original quantity 1 ox coDSumes in 18 
weeks. 

8. Find the acres of original quantity consumed in 18 weeks, by 
the number of oxen found in step 6. 

Analysis. — To eat 9 weeks' growth on 10 acres requires 9 
oxen. Hence 12 oxen are required to eat, in 9 weeks, the original 
quantity on 10 acres. Then, the original quantity on 60 acres, or the 
growth on 40 acres, will pasture 36 oxen for 18 weeks. Since it 
takes f as many acres of original quantity as of growth to pasture 
86 oxen, it must require only f as many oxen to consume the origi- 
nal quantity as to consume the growth on the same number of acres. 
Then, to consume the original quantity and the growth must require 
{ the number of oxen that consume the growth. Hence, f of 86, 
which is 21 f oxen, eat the growth, and 14 1 oxen eat the original 
quantity on the acres required. The original quantity on 10 acres 
keeps 12 oxen 9 weeks; hence the original quantity on If acres 
keeps one ox 18 weeks, and on 24 acres this quantity will keep 14f 
oxen 18 weeks. 

48. Four men bought a grindstone 60 inches in diam- 
eter. How much must each grind off to get ^ of the 
stone, if no allowance is made for the eye? 

Analysis. — As the stone is of uniform thickness, we need re- 
gard only the surface of the portion ground off. Since circles are 
to each other as the squares of their diameters, or radii, we proceed 
as follows : 

a. After the first man his ground off his share, f of the stone 
remains, and its diameter is 

60VT ^^ 80\/3, which is 61.96-f- inches. 

b. After the second has ground off his share, f of the stone 
remains, and its diameter is 

60VT ^^ 3av/2", which is 42.426-f inches. 

c. After the third man has ground off his share, i of the stone 
remains, and its diameter is _ 

60\/i or 30\/l7 which is 80 inches. 
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Then, the first man ground off 60.00 —51.96 = 8.04 inches. 

The second man ground off. 61.96 — 42.426= 9.634 inches. 

The third man ground off 42.426—30. = 12.426 Inches. 

The fourth man ground off 30. inches. 

60 inches. 

49. Four men bought a grindstone 40 inches in diam- 
eter. How much of the diameter must each man grind 
off in order that they may share the stone equally, 4 
inches of the diameter being allowed for the eye ? 

Analysis. — The area of the eye in this case is one-hundredth 
of the area of the stone, hence — 

a. After the first man has ground off his sliare there remains | of 
tWt* ^^ iU o^ *^® stone. Restoring the value of the eye, to preserve 
the similarity of the remainder to the whole stone, we have the ratio 
301 to 400. Then the diameter of this remainder is 
40\/|^, or 2\/80r, which is 34.6986 inches. 

6. After the second has ground off his share, there remains | of ^^jj, 
or If J of the stone. Restoring the value of the e5'e, we find the 
ratio of this remainder to the whole stone to be 202 to 400. Then, the 
diameter of this remainder is 

40\/|M ^^ 2\/^02, which is 28.4252 inches. 

c. After the tliird man has ground off his share there remains | 
o' rum o^ AV ^^ ^^® stone. Again restoring the value of the eye, we 
find the ratio of this remainder to the whole stone to be 103 to 400. 
The diameter of this remainder is 

40.y/j^ or 2\/l03, which is 20.2976 inches. 

The first man ground off 40 — 34.6986= 6.3014 inches. 

,The second man ground off 34.6986 — 28.4252= 6.2734 inches. 

The third man ground off 28.4252 —20.2976 = 8.1276 inches. 

The fourth man ground off.. 20.2976 — 4 (the eye) = 16.2976 inches. 

36 inches. 

50. Three women own a ball of thread 3 inches in 
diameter ; how much must each wind off to get | of 
the thread ? 
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Analysis. — After the first one winds off her share J of the 
thread remains, and the diameter of the ball is now 3 Vf , ^^ *\/l8. 
The VlT is 2.620697. 

b. After the second one winds off her share } of the thread re- 
mains, and the diameter of the ball is S^^^j °^ '^^- The 'x/o" is 
2.080083. Hence, 

The first woman winds off 3—2.620697= .379308 inches. 

The second woman winds off 2.620697 — 2.080083= .540604 inches. 
The third woman winds off 3— .919907 = 2.080093 inches. 

3 inches. 

51. Three women bought a ball of silk 10 inches in 
diameter, which was wound on a ball of wood 1 inch 
in diameter. How much of the diameter must each 
wind off in order to share the silk equally? 

Analysis. —The ball in the center was j^jj of the whole ball; 
hence, 

a. After the first woman winds off her share of the thread, J of 
^%, or j%% of the thread remams. Restoring the value of the baU 
of wood, to preserve the similarity of the solids, we find the ratio 
of this remainder to the whole ball to be 667 to 1000. Then the 
diameter of this remainder is 

10^\/^V> or ^V'^G?, which is 8.737 inches. Hence, 

The first woman winds off. 10— 8.737= 1.263 inches. 

The second woman winds off 1.799 inches. 

The third woman winds off 6.938 inches. 

9 inches. 

52. A father left 4 sons, whose ages at the time of 
his death were 9, 13, 15, and 17 years. His estate, 
which was valued at $6425,. was to be divided among 
them so that their shares, at 5 % simple interest, 
should amount to equal sums when the children be- 
came 21 years of age. Find the share of each. 

Analysis. — These shares, placed at 5% simple interest, 
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amount to eqaal sums in 12, 8, 6, and 4 years respectiyelj; heace 
the estate must be divided in the ratio of the present worth of $1 
for these several periods at the given rate per cent. 

The present worth of ^1, at 5 % for 12 years, is 9. 62^1 . 
The present worth of #1, at 6 % for 8 years, is ^.71^. 
The present worth of ^1, at 6 % for 6 years, is #.7(4}. 
The present worth of #1, at 6 % for 4 years, is $mI. 
These present worths are in the ratio of the following whole 
numbers: 34125, 89000, 42000, and 45500. Hence, 

The share of the youngest child was #1865. 
The share of the second child was #1560. 
The share of the third child was #1680. 
The share of the oldest child was #1820. 



#6425. 

53. A servant was to receive $70 and a suit of 
clothes for a year's service; but he left his employer 
at the end of 9 months, receiving the suit of clothes 
and $42 in cash. What was the value of the suit of 
clothes ? 

Analysis. — He was to receive the clothes and #70 for 12 

months' service, but he received the clothes and #42 for 9 months' 
service; he therefore lost #28 by not working the remaining 3 
months. Then his services were worth #9J a month in cash. For 
9 months his services were worth #84 in cash. As he received only 
#42, the clothes were worth #84 -— #42 = #42. 

MISCELLANEOUS PROBLEMS. 

1. In what time will any principal double itself at 5 
% simple interest? 

2. In what time will any principal double itself at 6 
% simple interest? 

3. In what time will any principal become four tinies 
itself at 6 % simple interest? 
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4. In what time will any principal become one 
thousand times itself at 100 % simple interest? 

5. At what rate will any principal double itself in 
25 years? 

6. In what time will any principal become 2 J times 
itself at 2^ % simple interest? 

7. A man commenced business with $5800, and 
gained during the year $870. Find the nite of gain. 

8. An agent sold cotton at 2^ % commission, and 
invested | of the amount in sugar at 2^ % commission ; 
the balance, which was $1915.225, was remitted. What 
was the. commission, the value of the cotton, and the 
cost of the sugar ? 

9. A owes B $480, due in 12 months, and B owes A 
$720, due in one year and six months. If A should 
pay his indebtedness at once, when should B pay 
his? 

10. On goods sold at $5 per yard there is a gain of 
25 %. What would be the gain % on the same goods 
when sold at $7 per yard? 

11. When money was worth 6 %, I bought a watch 
for $30 cash, and sold it for $35 on 8 months' credit. 
What was my gain ? 

12. A sells B tea worth 45 cents cash, at 48 cents. 
What should B charge A for coffee worth 9 cents ? 

13. A man bought cloth for 8 % less than its value, 
and sold it for 10 % more than its value, thereby gain- 
ing 885^^ cents. What did it cost him? 

14. A broker bought stocks for me at a discount of 
30 %, and sold them at 10 % discount. His brokerage 
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on the purchase was 1} %, and on the sale 1^^. I 
gained on the whole transaction $754.37^ ; each share 
being $25 ; how many shares were bought? 

15. Property valued at $1980, is insured at 1%, 
so as to cover the valuation and the premium. Find the 
amoYmt of the policy? 

16. The ad valorem duty on 2000 yards of broad- 
cloth at 25 % is $2000. At what price per yard are 
the goods invoiced? 

17. A merchant purchased cloth to the amount of 
$1250, and silk goods to the amount of $900 ; he sold 
the cloth at a profit of 20 %, and the silk at a loss of 
10 %. Find his rate of gain? 

18. At what rate must I buy a 6 % stock to make 
my investment as good as a 5 % stock bought at a dis- 
count of 25 % ? 

19. What is the cost, including brokerage, of $9000 
U. S. 6'sat 112^? 

20. An 8 % stock sells at 112 ; what rate of interest 
does it yield the purchaser? 

21. I wish to purchase a 5 % stock, so as to make 
the investment yield me 7 % ; how much can I pay for 
the stock, including brokerage at ^ % ? 

22. A's money is 50 % morethan^B's ; B's money is 
what % less than A's? 

23. When gold is at 110, what are greenbacks worth ? 

24. A piece of property can be purchased for $5000 
in gold when the premium on gold is 12 %. What is 
the value of the same in currency? 

25. If I buy U. S. 6's at 112J, including brokerage 
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at 1%, and sell the gold interest at 107| currency, 
what % will I make on the investment? 

26. A broker sells 30 shares of bank stock at 96^, 
and 120 shares of railroad stock at 105, retaining the 
brokerage at | % ; how much does he pay to his prin- 
cipal ? 

27. What quantity of water must be added to 63 
gallons of wine, worth $27, so that it can be sold for 
40 cents a gallon, at a profit of 10 cents a gallon? 

28. A and B can do a piece of work in 20 days ; A 
and C can do it in 15 diiys ; B and C can do it in 12 
days. In what time can they all do it together? 

29. A and B can do | of a piece of work in one day ; 
A and C can do \ of it in one day ; B and C can do -^^^ 
of it in one day. In what time can they all do it? 

30. A, B, C, and D engage to do a piece of work ; 
A, B, and C can do it in 18 days ; B, C, and D can do 
it in 20 days ; A, C, and D can do it in 24 days ; A, B, 
and D can do it in 27 days. In what time can they do 
it jointly, and separately? 

31. If 20% of what I receive for goods is gain, 
what is my gain % ? 

32. John had 36 marbles ; James had 25 % more than 
John; after playing, James had one more than' 50% 
more than John. How many marbles did James win? 

33. John said to Charles, " You have 8 marbles, and 
if ||. of what we both have be added to what you have, 
the sum will be equal to what I have." How many 
marbles had John ? 

34. If \ of the selling price is gain, what is the 
gain %? 
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35. Bought 126 gallons of molasses for $35, a part 
of it having been wasted, and the remainder sold at 
32J cents a gallon, my loss was 7 %. How many gal- 
lons were wasted? 

36. How much water must be mixed with 100 gallons 
of alcohol, worth 7s. 6d. per gallon to reduce its 
value to 6s. 3d. per gallon? 

37. By selling a piece of damaged cloth at $2.50 per 
yard, I sustain a loss of 16| %. What was my loss on 
20 yards? 

38. An agent sold a lot of cloth for $200, at a profit 
of 20 % to the owner. If he had sold it for $175, the 
commission in each case being 2 %, what would have 
been the owner's net profit %? 

39. A merchant paid $2000 for flour. He sells on a 
credit of 6 months, at 7 % profit. If money is worth 
6 %, what was his selling price? 

40. How many gallons of wine, at $4.50 and at $5 
per gallon, must be mixed with 6 gallons at $4, and 6 
gallons at $3 per gallon, to make a mixture worth 
$4.33i per gallon? 

41 . A public square is surrounded by a walk 2 rods in 
width, containing one acre. Find the sida of the square ? 

42. An agent sold property for $345.30, after taking 
out his commission at 2 J %. Having kept the money 
for 8 months and 21 days, he pays it over to his em- 
ployer. Money being worth 8 %, find the amount paid 
over. 

43. One year from date, I promise to pay Joseph 
Mason $500, with interest from date, for value received. 

N. Y., May Ist, 1860. A. Munson. 
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Indorsements on above note: May 1st, 1861, $200; 
June 10th, 1862,1100.50; July 15th, 1863, $50.75. 
What was due September 20th, 1864 ? 

44. A man borrowed $5000, which he immediately 
invested in real estate. In six months he sold the prop- 
erty, on a credit of 12 months, with interest, for $7500. 
Money being worth 6 %, what was his profit? 

45. If a body move ^ of a foot the first second, and 
^ of this distance the second second, and so on each 
succeeding second of time, through what entire dis- 
tance would it move, provided it never stopped? 

46. A man sold a quantity of wheat at $1.08 per 
bushel, at a profit of 20 % ; he afterwards sold a lot of 
the same for $31.05, at a profit of 50 %. How many 
bushels in the last lot? 

47. I sold pens at 11 shillings per thousand, at a 
profit of I of their cost. I afterwards sold them at 13s. 
6d. per thousand ; what % did I clear at this price? 

48. A, B, and C jointly inherit under the terms of a 
will, the sum of $100000. Their shares are in the 
proportion of ^, |^, and | respectively ; but, C having 
died, the legacy was divided between A and B. How 
much did each receive ? 

49. The commission, at 5 %, on a consignment of 
sugar was $95. The consignor made a profit of 25 %, 
What was the amount of the consignment? 

50. When cloth is sold at 14 cents per yard, there is 
a gain of 75 cents on each piece ; but when it is sold at 
12^ cents per yard, there is a loss of 15 cents on each 
piece. How many yards in each piece? 

20 
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51. If 16| % of what I receive is gain, what is my 
gain % ? 

52. A man sells goods at a gain of 30 %, and takes 
a note for the amount of the sale. If he sells the note 
at 15 % less than its face value, what is his gain %? 

53. A lot of sheep and lambs were bought for |1000. 
Each sheep cost $3, and each lamb $2. ^ of the sheep, 
and \ of the lambs were sold, at a profit of $37.50, for 
$387.50. How many of each were bought? 

54. A drover, having calves, sheep, and hogs, was 
met by an inquisitive fellow, who asked the number of 
animals in his drove. The drover replied : " f of my 
drove are sheep, \ of the remainder are hogs, and the 
rest calves ; if I sell my sheep for $2.50 per head, my 
hogs at $3.50 per head, and my calves at $5 per head, 
I shall sell the drove for $519, at a profit of $119." 
How many of each kind were in the drove ? 

55. A servant received for his yearly wages $40 and 
a suit of clothes. At the end of 5 months he received 
the suit of clothes and $6^ in money. Find the value 
of the suit? 

56. A farmer allows one acre of pasture for every 5 
sheep, and one acre of plowed land for every 8 sheep. 
How many sheep can be kept on 325 acres? 

57. A grocer has two kinds of sugar. Two pounds, 
one of each kind, are worth 20 cents ; but if 3 pounds 
of the first and 5 pounds of the second be taken, a 
pound of the mixture will be worth 11 cents. Find the 
value of a pound of each kind. 

58. A farmer rents a farm for $245 ; the tillable land 
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being valued at $2 an acre, and the pasture land at 
$1.40 an acre. The number of acres of tillable land is 
to the excess of the tillable land above the pasture land 
as 14 to 9. How many acres of each kind were there? 

59. A and B kill a deer, whose weight they deter- 
mine in the following manner : A, whose weight is 147 
pounds, just balances the deer suspended at the other end 
of a pole which rests upon the limb of a tree. Without 
changing the point of support, B, whose weight is 192 
pounds, just balances the deer suspended at A's end of 
the pole. What is the weight of the deer? 

60. A man bought eggs at 20 cents a dozen ; had he 
bought 6 more eggs for the same money, they would 
have cost him 1^ cents a dozen less. How many eggs 
did he buy ? 

61. Three painters do a piece of work, no two of 
them working at the same time. The first receives $6 
per day, the second receives $4 per day, and the third 
receives $3 per day. They complete the work in 100 
days, and receive equal sums of money. How many 
days did each man work? 

62. A merchant bought 60 barrels of flour, and sold 
20 of them so as to gain a certain rate per cent. He 
then sold 15 barrels so as to gain twice as much per 
cent., and the remaining 25 barrels so as to gain three 
times his first rate per cent. He thus cleared 20 per 
cent, on the whole lot. Find the gain per cent, on 
each sale. 

63. A ship, containing 150 hogsheads of wine, pays 
for toll at the Sound, the value of 2 hogsheads of wine. 
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lacking $6 ; and another ship, containing 240 hogsheads 
of wine, pays, at the same rate, the value of 2 hogs- 
heads of wine and $18 more. Find the value of a 
hogshead of wine. 

64. An agent, on assuming the liquor agentiy of a 
town, received $58 in cash, and liquors valued at $59.50. 
During the year he paid $282.85 for stock, and received 
on sales $293.55. At the close of the year he delivered 
liquors valued at $81 to the town. He was to receive 
$69 for his services. Did the agent owe the town, or 
did the town owe the agent, and how much? Did the 
town make or lose, and how much? 

65. A prisoner escaped fronj prison at 6 a. m., and 
at 4 p. M. the sheriff started in pursuit, gaining 3 miles 
per hour. At midnight the sheriff met an express 
traveling at his own rate, who reported that he met the 
prisoner 24 minutes before 10 o'clock. At what time 
did the sheriff overtake the prisSner? 

66. Three men, named Adams, Brown, and Clark, 
with their sons, Daniel, Edward, and Francis, have each 
a piece of land in the form of a square. Mr. Adams's 
piece is 23 rods longer on each side than Edward's, and 
Mr. Brown's piece is 11 rods longer on each side than 
Daniel's. Each man has 63 square rods of land more 
than his son. Which of these persons are father and 
son respectively? 

67. The stock of a factory is divided into 32 shares, 
and is owned equally by 8 persons. A sells 3 of his 
shares to a ninth person, and B sells 2 of his shares to 
the company. What part of the stock does A then own ? 
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68. A merchant sold goods on a commission of 4 % ; 
having remitted the net proceeds to the owner, he was 
allowed ^ % for prompt payment, which amounted to 
$15.60. Find the amount of his commission. 

69. Hiero, king of Syracuse, ordered a crown to43e 
made of pure gold, but suspecting the workmen had 
debased it, he requested Archimedes, the celebrated 
mathematician, to detect the fraud. Archimedes found 
that a quantity of gold, and a quantity of silver, each 
of equal weight with the crown, displaced. 13 ounces 
and 28 ounces of water, when immersed in it. The 
crown displaced 16 ounces of water. As the crown 
weighed 5 pounds, how many pounds of gold, and how 
many pounds of silver did the crown contain ? 

70. A refiner melts 14 pounds of gold 22 carats fine, 
with 16 pounds of gold 20 carats fine. How much alloy 
must be added to make the composition 18 carats fine? 

71. A man bought 100 chairs for $100, paying 50 
cents apiece for the first lot, $3 apiece for the second 
lot, and $5 apiece for the third lot. Ho"w many of each 
kind did he buy? 

72. There is an island 73 miles in circumference, and 
three men start from the same point at the same time, 
to walk around it, in the same direction. A walks 5 
miles, B, 8 miles, and C 10 miles an hour. In what 
time will they all be together again, traveling 12 hours 
a day ? 

73. Two men mow a square meadow. One of them 
being a faster mower than the other agrees to take the 
outside swath and cut off all the corners. What part 
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of the whole piece will each mow, if there are 12 swaths 
on each? 

74. How high must an object be to be seen at a dis- 
tance of 40 miles at sea? And at what distance are 
the Andes visible at sea, their height being 4 miles? 

75. One of two poles is just | as long as the other, 
and they are set up in a vertical position, at a distance 
apart equal to the sum of their lengths. A point on 
the ground between them just | the distance from the 
foot of the longer pole to the foot of the shorter pole 
is 30 feet from the top of each pole. Find the dis- 
tance between the tops of the poles. 

76. A church whose spire is 180 feet high stands on 
a plane. North of the spire, at a distance of 300 feet 
from its top, is a stake. Measuring east from this 
stake a distance of 400 feet, I find that I am just 80 
feet from the foot of a column 15 feet high, which is in 
a direct line between me and the spire. Find the dis- 
tance from the top of the column to the top of the 
spire. 

77. A certain quantity of water runs into a coal- 
mine, in a given time. When full, the mine can be 
emptied in 60 hours by an engine of 12 horse-power; 
and in 80 hours by an engine of 10 horse-power. It 
will require an engine of what horse-power to empty it 
in 48 hours, and an engine of what horse-power to dis- 
charge the water as fast as it runs into the mine? 

horse-power. 



Ans. 
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horse-power. 
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